/975 


VF™     ft     ■•*»» 


«) 


SXATE  aOCUMSNIS  eaiLECTlQfi 

JAN    9  1979 

930  El>H(^  Ave. 
Helena,  Montan^9601 


7^^ 


Estes  and  Associates 

P    O    Box  902  Bozemai),  Montana 

5971  r, 


WRU'79 


Montana  Stale  Ubiary 


3  0864  1004  6755  7 


FEASIBILITY  OF  DEVELOPING 
A  STEEL  UraUSTRY 
IN  KOriTAl'IA 


Prepared  for: 

Economic  Development  Division 
Montana  Department  of  Community  Affairs 
Capitol  Station 
Helena,  Montana  59^01 


Prepared  by: 

Estes  and  Associates 

P.O.  Box  902 

Bozeman,  Montana  59715 


August,  1975 


This  study  was  performed  under  contract  with  the  Economic 
Development  Division.  The  statements,  findings,  conclusions, 
recommendations,  and  otlier  data  in  this  report  arc  solely 
those  of  the  contractor  and  do  not  necessarily  reflect  the 
views  of  the  Economic  Development  Division. 


ackiio\vleix;ei-ieiits 

Guidelines,  ideas  and  information  for  this  report  v/ere 

obtained  from  many  sources.  V/e  especially  than]<.  the  follov/ing 

individuals  for  their  assistance.  Their  fine  cooperation 

provided  a  significant  contribution  to  our  effort. 

Dr.  Sid  L.  Groff,  Director 

Montana  Bureau  of  Mines  and  Geology 

Butte,  Montana  59701 

I'tr.  Lee  L.  Hietala,  Administrator 
Economic  Development  Division 
Montana  Department  of  Community  Affairs 
Capitol  Station 
Helena,  Montana  59^01 


TABLE  OF  COlITEin'3 

Page 

I.      raTEODUCTTOK ^ 

Backfpround  Tnforr.ation ^ 

p 
Siimmary 

II.     MARinST 4 

V/orld  Cenand  Forecast  for  1975-1985 4 

U.S.   Steelmakers  Capacity     7 

Future   of  the  Steel   Industry  in  the  West 10 

III,      RESOURCES ^^ 

North  American  Iron  Ore 1^ 

V/estem  U.S.  Coal  Supply 16 

U.S.  natural  Gas  Supply ^° 

Montana  Resources  ^" 

Montana  Railroads,  Highv;ays,  Utilities,  and  Services 31 

Stainless  Steel  Alloys  52 

t:.    PROCESsniG  of  raw  iiaterials 55 

Econonics  of  Iron  Ore  Development 55 

Iron  Ore  Beneficiation 5° 

Direct  Reduction • ^' 

New  Technology  to  L-nprove  Economics  of  Iron  Ore  Beneficiation   .  .  45 

Processing  of  Other  Rav;  Materials 45 

A/..  STEEL  KILL 46 

Steelmaking:   Process  Alternatives  4° 

Cost  Comparisons 49 

Preferred  Plant   49 

Financial  Analysis  of  the  Preferred  Plant   54 

Environmental  Considerations  57 

Supporting  Services • 57 

Steel  Industry  Capital  Requirements  59 

VI.  ECONOMICS  OF  MONTANA  LOCATION   ^^ 

Iron  and  Steel  Production  Facility  Location  60 

Market  for  Merchant  Mill  Output °0 


f 


TABLE  OF  COlJTEIfPS  (cont.) 

Stainless  Steel  and  Alloy  Stool  62 

Comparative  Procoscinc  Cost  of  Inontana  ve.  Other  Steel  Areas  .  65 

Scrap  Availability  and  Prices 64 

Cost  of  Rav/  Materials  (F.O.B.  source)  in  Montana  65 

Shipping  Distajices 65 

Frei^t  Rates  on  Iron  Ore,  Coal,  and  Limestone 68 

Transportation  of  Finished  Product  68 

Scrap  Freight 68 

Tax  and  Construction  Cost  Considerations 68 

Montana  Steel  Hill:  Summary  of  Cost  Advantages  ojid  Disadvantages  69 

VII.   COilCLUSIOII 70 

Recommendations  70 

Location  of  Facilities  7I 

Ore  Beneficiation 72 

Location  of  Ore  Beneficiation  Facility  72 

Direct  P.eduction  Feasibility 72 

Ownership  .....  72 

Additional  Study  Required  ,  73 

BrBLIOGRAPKY 75 

APFSIDIX  A  -  IIAPS  OF  I'lOlITAI^^A  RESOURCES  AND  SERVICES 77 

AFPEl'IDDC  3  -  RAV/  MATERIAL  SPSCIFICATIOITS 88 


LIST  OF  EXHIBITS  MID   TABLES 

Pace 

1.  Worldwide  Steel  Supply  and  Demand  ...  8 

2.  U.S.  Steelmaking  Capital  Spending  11 

3.  Iron  and  Steel  in  Canada 17 

4.  North  American  Iron  Ore  Production 19 

5.  Distances  of  Iron  Ore  Shipments  by  Rail 25 

6.  Western  U.S.  Coking  Coal  Areas 27 

7.  Economics  of  Iron  Ore  Development  Checklist 34 

8.  Continental  Pelletizing  Capacity  38 

S".  New  Oxide  Iron  Ore  Pelletizing  Plants  Under  Construction   ....  59 

IC ,   Direct  Reduction  Processes   40 

1].,  >lJorth  American  Survey  -  Direct  Reduction  Plants  for  Iron  Ores  ,  .  42 

12 .  .Construction  Cost  Estimate  -  Mini  Mill 50 

1%   Typical  Processing  Cost  Sumraarj^ 51 

11.     Simplified  Flow  Diagram,  150,000  Ton  Mini  Steel  Plant 52 

15.  .Typical  Cash  Flow  Calculations  for  Hini  Steel  Mill 55 

16.  Typical  Support  Services  58 

17.  Definition  of  Regions 6l 

18.  Steel  V/orks  and  Rolling  Kill  Products  Shipping  Distribution  ...  67 

19.  Distribution  of  Distajnces  Shipped  by  Land  of  Steel  Works  and 
Rolling  Kill  Products  in  the  U.S 67 

Tabic,'  1.   Summary  of  Montana  Iron  Ore  Deposits 29 


I,  nm^oDucTioN 

Dack/-^'ound  Information 

The  State  of  Montana,  is  relatively  rich  in  mineral  resouxces,  I-lany  iron 
ore  deposits  axe  known  to  exist,  but  very  little  development  and  utilization 
of  these  deposits  has  taken  place.  Information  on  these  resources  is  sketchy, 
and  the  true  development  potenticil  is  speculative. 

Recent  shortages  ajid  price  increases  in  steel  and  steel  products  have 
spurred  a  renewed  interest  in  developing  heretofore  untapped  resources. 
The  economic  feasibility  of  utilizing  low  grade  and  locationally  remote 
resources  is  changing.  These  factors,  plus  the  current  high  level  of  interest 
in  economic  development  (essentially  in  creating  new  jobs  and  income),  have 
resulted  in  the  decision  to  pursue  the  development  of  a  steel  industry  in 
Kontana.  The  State  Economic  Development  Division  has  thus  authorized  this 
study. 

The  intent  of  this  study  is  to  analyze  the  feasibility  of  developing 
a  steel  industry  in  Montana,  Consideration  is  to  be  given  to  the  State's 
goa]  of  achieving  vertical  integration  of  such  industries  within  the  State, 
Thus  alternatives  are  herein  considered  for  both  ore  processing  and  steel 
manufacturing,  Hopefiilly  steel  raw  materials  would  stimulate  additional 
manufacturing  within  the  State,   Included  in  the  analysis  are  identification 
and  evaluation  of  available  resources,  process  alternatives,  markets,  and 
cost  factors. 

It  is  recognized  that  the  complexity  and  magnitude  of  a  truly  compre- 
hensive analysis  are  beyond  the  scope  of  this  study.  Ore  sampling,  process 
tests,  and  other  technical  aspects  of  evaluation  are  not  included.  Neverthe- 
less, this  study  identifies  the  scope  of  alternatives,  evaluates  key  factors. 


draws  general  conclusions,  and  points  out  specific  areas  requiring  more 
detailed  study. 

Summary 

While  spatial  variations  do  exist  in  the  several  cost  elements  in  iron 
and  steel  production,  the  element  most  subject  to  geographic  variation  is 
total  transportation  cost,  A  major  goal  of  management  in  location  decision 
making  must  be  the  minimization  of  that  transportation  cost.  Unfortunately, 
a  Montana  location  has  a  transportation  disadvantage.  No  compensating 
advantages  exist  which  are  sufficiently  large  to  counteract  this  disadvantage, 
A  I-bntana  plant  location  would  have  a  cost  of  operation  about  12,5%  hi^er 
than  similar  U,S,  plants.  This  disadvantage  amounts  to  about  Sl7  per  ton 
of  finished  product.  This  is  caused  mainly  by  the  cost  of  shipping  raw 
materials.  The  shipping  of  the  finished  product  is  also  considerably  hi^er 
than  average  because  of  the  dispersed  market  area,  Montana  taxes  also 
create  a  relative  cost  disadvantage  in  comparison  to  most  states. 

Based  on  the  preliminary  feasibility  study  it  appears  that  a  mini  steel 
mill  woiild  be  marginally  profitable  in  Montana,  Since  only  a  small  market 
exists  it  is  recommended  that  a  150,000  ton/year  electric  furnace/merchant 
mill  operation  be  analyzed  in  detail,  A  market  of  approximately  1,000,000 
tons  annually  of  merchant  mill  products  exists  in  the  West  (excluding  Cali- 
fornia), The  proposed  mill  would  need  to  capture  15%  of  this  market.  The 
proposed  mill  should  be  able  to  obtain  this  amount. 

The  international  steel  demand  will  continue  to  be  strong  for  the 
foreseeable  futxire,  U,S,  steolmalcing  will  be  able  to  compete  favorably  in 
this  market.  The  market  situation  looks  especially  good  in  the  Western  U,S, 
The  long  range  outlook  for  Western  U,S,  steelmaking  is  therefore  encouraging. 


I'hG  availability  of  capital  for  invoctmcnt  is  a  major  problem,  however. 
Since  return  on  investment  is  usually  less  than  8?o  on  steelmaking  ventures, 
it  is  not  an  attractive  business  opportunity. 

The  source  of  iron  and  coal  are  major  problems.  Ho   Montana  deposits 
have  been  verified  that  are  presently  commercially  and  technically  suitable. 
If  scrap  is  used  the  need  for  iron  ore  and  coal  is  eliminated.  However, 
the  scrap  would  need  to  be  shipped  long  distances.  There  may  not  be  enou^ 
scrap  within  a  reasonable  distance  to  support  a  mini -mill.   In  this  event 
direct  reduced  ore  could  be  imported  if  local  development  weren't  possible. 
If  direct  reduction  of  local  ores  could  be  accomplished,  then  the  reduced 
ore  could  be  substituted  for  scrap,  A  6%   savings  in  the  total  finished 
product  cost  could  be  gained  by  eliminating  transportation  distances.  Further 
investigation  needs  to  be  made  into  the  feasibility  of  direct  reduction  of 
Montana  iron  ore  deposits.  The  probable  size  of  this  operation  would  be 
500,000  tons/year,  A  mini-mill  would  utilize  about  one-half  of  the  direct 
reduction  plant  output,  the  rest  would  be  shipped  out  of  state. 

If  a  Montana  iron  ore  development  other  than  direct  reduction  were 
pursued,  the  entire  production  would  be  shipped  out-of-state  since  a  mini- 
mill  must  use  either  scrap  or  direct  reduced  pellets. 

Energy  requirements  (in  the  form  of  electricity  and  natural  gas)  are 
critical  items  that  are  unpredictable  at  the  present  time,  Fuxther  sub- 
stantiation of  their  availability  and  cost  needs  to  be  performed.  The 
following  svunmary  outlines  the  major  requirements.  Note  the  enormous  amounts 
of  natural  gas  required  by  the  direct  reduction  process.  The  electric 
furnace  of  the  mini-mill  consumes  large  cunounts  of  electricity  also. 


Ma.jor  Opcratin,'":  and  Capital  noquircrnonta  Summary 
Mini-Steel  Hill: 
600  people 

$31»5  million  capital  investment 
16,000  KVA  electrical  power 
Mine /Direct  Reduction  Plant: 
I  100  people 

$25  million  capital  investment 

3»6  billion  cubic  feet  natural  gas/year  (or  equivalent  coal) 
Since  a  large  labor  force  is  needed,  ancillary  services  are  vital,  and 
good  transportation  services  are  mandatoiy;  the  steel  plant  will  need  to  be 
located  in  an  area  that  is  already  industrial  and  has  a  large  population, 

A  conventional  mill  v;hich  uses  concentrated  iron  ore  is  not  feasible. 
Economies  of  scale  require  that  such  a  mill  be  larger  than  a  Montana  based 
market  could  support.  This  type  of  mill  is  roughly  10  times  as  large  as  a 
mini-mill.  The  absence  of  suitable  local  coking  coal  also  seriously  hinders 
this  alternative. 

The  electric  mini-mill  process  is  adaptable  to  stainless  steel  produc- 
tion, should  it  become  feasible  to  develop  this  approach, 

II.   MARKET 

Vorld  Demand  Forecast  for  1973-1983 

Unprecedented  demand  projected  for  iron  and  steelmaking  matallics  for 
1975-1935  will  create  new  global  forces  that  are  expected  to  alter  the  trends 
and  directions  of  the  steel  industry  worldwide.  In  spite  of  forecast  record 


'Source:  Engineering  and  Mining  Journal,  September,  1974* 
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demand,  it  ic  anticipated  that  the  required  tonnafics  of  cteelroaking  materials 

will  be  available.  Prices  of  iron  and  steel  raw  materials,  services,  and 
products  will  continue  to  rice  in  a  market  that  will  place  a  high  premiiun 
on  quality,  service,  reliability,  and  environmental  and  resource  management. 

Fundamental  changes  have  taken  place  in  the  nature  of  the  demand  for 
ferrous  metals.  To  an  increasing  degree,  the  world's  major  consiuners  of 
iron  imits  are  no  longer  interested  in  iron  values  alone:  what  they  want 
is  iron  content  that  is  combined  both  with  energy  units  and  what  may  be 
described  as  pollution-tolerance  values.  This  wholly  new  pattern  is  mani- 
fested in  the  continued  purchase  of  steel  scrap — almost  anywhere  in  the 
world  where  it  is  available. 

All  the  rav/  material  inputs  required  for  the  volumes  of  global  steel 
production  anticipated  for  1575-1985  will  be  available.  These  necessary 
raw  material  inputs  include  not  only  metallics — such  as  screened,  concentrated, 
and  agglomerated  iron  ores,  ferro-additions,  and  directly  reduced  iron  ore 
and  scrap — ^but  also  coking  coal  and,  significantly,  energy  and  pollution- 
tolerance  Tinits,  Material  availability  will  become  sufficient  through 
the  conversion  of  potential  resources  to  economic  reserves  as  a  result  of 
nev;  technology,  increased  price  schedules,  and  widely  dispersed  steel  industry 
activity  arovind  the  world.  The  funds  needed  for  new  facilities  will  be 
formidable — approximately  SI90  billion  during  the  next  10  years.  Of  that 
amount,  one-quarter  will  be  spent  on  mines,  mining  and  ore  processing  facili- 
ties, and  ocean-going  transportation. 

Globally,  steel  scrap  supplies  will  be  adequate  for  1975  but  will  be 
in  close  balance  after  I9OO,  Consumption  in  1975  is  projected  at  575  million 
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tons,  increasinfj  to  550  million  tons  10  years  later,  with  85%  of  the  total 
going  to  steel  production.  Scrap  consumption  of  this  magnitude  for  steel 
exceeds  that  of  any  past  year.  Unfortunately,  these  figures  are  also  close 
to  the  combined  potential  of  the  industry  to  generate  circulating  or  plant 
scrap,  and  the  ability  of  the  scrap  industry  to  recover  and  prepare  salvage 
scrap.  These  two  sources  together  may  produce  a  small  worldwide  scrap  surplus 
for  1975,  but  for  1980  and  1985,  a  balanced  situation  is  expected  at  best. 

Scrap  supply  in  the  U.S.  is  somewhat  greater  than  abroad,  particularly 
ir.  fview  of  this  country's  traditional  role  as  the  world's  leading  producer 
ana  exporter  of  steel  scrap.  Furthermore,  the  use  of  effective  fragmentizing 
and  other  recycling  equipment  may  facilitate  greater  recoveries  from  the 
large  D,S,  reservoir  of  salvage  scrap  than  have  thus  far  been  achieved. 
Relief  will  also  come  from  a  continuation  of  the  North  Americain  scrap  industrj'-'s 
shift  from  open  hearth  to  oxygen  steelmaking  techniques  and  from  a  worldwide 
increase  in  the  use  of  electric  arc  furnaces  with  charges  containing  sig^ 
nificant  portions  of  directly  reduced  iron. 

However,  improvements  like  these  in  steel  scrap  in  the  U,S,  cannot  fully 
alleviate  the  critical  worldwide  situation  for  some  years  to  come.  At  present, 
steel  scrap  shortages  are  universal  in  spite  of — and  perhaps  because  of —  large 
export  shipments  from  the  U.S.  Prices  have  jumped  by  more  than  $100  in  1974 
from  approximately  $42  per  ton  only  eight  months  earlier.  Prices  are  currently 
around  S55  pe^  ton. 

Prices  for  iron  and  steelmaking  metallics,  like  those  for  practically 
al L  other  basic  raw  materials  and  products,  may   be  expected  to  continue  to 
rac ve  upward.  It's  also  clear  the  steel  market  is  growing  faster  than  anyone 
expected.  The  grovrth  factor  still  being  used  in  many  forecasts  is  2-^  percent. 
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There  are  those  who  feel  a  4  percent  growth  rate  is  realistic  for  the  rest 
of  the  decade.  The  question  of  capacity  began  cropping  up  with  predictions 
that  world  steel  needs  would  be  over  a  billion  tons  by  1980,  With  380  mil- 
lion tons  of  new  raw  steel  needed  and  520  million  tons  of  replacement  capacity, 
the  world's  steel  producers  would  have  to  duplicate  existing  facilities  by 
the  end  of  the  decade.  Exhibit  1  shows  the  projected  demand  and  supply 
figures, 

U,S.  Steelmakers  Capacity^  ' 

U,S,  Steelmakers  are  out  to  boost  capacity  another  15  million  tons. 
This  will  be  provided  in  a  surprisingly  short  time;  the  bulk  of  the  new 
capacity  should  be  on  stream  by  1977.   li"  the  projections  are  right,  another 
10  to  20  million  tons  of  basic  capacity  will  be  needed  by  1980,  This  second 
increment  will  require  expansion  from  the  ground  up — from  ore  mines  throu^ 
iron  and  steel  furnaces. 

There  is  no  general  rush  to  start  projects  for  1980,  Bethlehem  Steel  Corp, 
and  Rational  Steel  Corp,  have  fairly  detailed  long  range  programs.  However, 
there  have  been  few  commitments  for  the  future  and  in  many  cases,  new  projects 
have  not  even  reached  the  planning  stage.  Companies  are  holding  back  for  the 
same  reasons  that  have  been  given  over  the  past  five  years.  It  takes  well 
over  ;S600  an  annual  ton  to  build  greenfield  capacity.  After  a  long  depressed 
period,  steel  men  want  to  see  a  better  return  on  past  investments  before  they 
go  ahead  with  new  ones. 

According  to  one  projection,  the  indicated  steel  expansion  by  1980  will 
total  17  million  tons.  Depending  on  which  market  estimate  is  used,  this 


^■^'Source:   Iron  Age,  July  22,  1974, 
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EXHIBIT  1 
WORLDWIDE  STEEL  SUPPLY  Al.T)  DEKWJD 

Distributions  of  Steel  Proccns  Use  V/orldwido  (in  percent) 

Year  Oxygen    Open  Hearth    Electric     Bessemer 

1955 -  74.7  7.7  17.0 

I960 5.8  68.5  10.5  17.4 

1965 16.4  59.0  12.0  12.6 

1970. 41.5  58.8  15.8  5.9 

1975 52.7  50.7  14.4  2.2 

1980 62.0  17.1  20.0  .9 

1985 65.0  6.5  28.0  .5 

1990 62.0  5.8  54.0  .2 

2000 57.0  1.9  41.0  .1 

Conment:  0^  and  EF  methods  will  accoimt  for  67.I/0  of  world  total  steel  pro- 
duction in  1975;  82^/i  in  I98O;  and  955o  in  1985,  compared  with  28.4/o  in  I965  and 
55.5)^  in  1970. 

Estiaated  Scran  Generation  Potential  Worldwide  (million  mt)* 

Raw      Estimated        -r,  j_  ^  •  t  <-■     ^     x- 

^1  -.     m  X  -.  n      Potential  Scrap  Generation 

Steel     Total  Scrap  — • ■ — 

Year      Production   Pieouired   Plant  &  Process  Capital  &.   Salvage  Total 
1969  .  .  .    577         550         185  145         550 

1975  ...    755        575        254  152        408 

198C  ...    915        490        517  167        484 

1985  ...  1,025        550        560  195        555 

Comment:  Balanced  scrap  generation  capability  shown  after  1980, 

Estimated  Demand  for  Prereduced  Iron  Ore  Worldwide  (million  mt) 

Year  For  Steel  Production       For  Iron  Production     Total 

ICT        %  J'TT %  17T 

1975 11.2       100  -        -  11.2 

1980 42.0      65  22.0     55       64.0 

1985 88.0        71  56.0       29         124.0 

Estimated  Fe-metallic  Requirements  Worldwide  (million  mt) 

Raw  Steel   Estimated  Requirements 

Year       Production  Iron  Ore   Scrap   Prereduced  Iron  Ore  Kanganese  Ore 

1975  ...    755      910     516  11  25.5 

1980  ...     915       1080      407  64  28.5 

1985  .  .  .    1025      1250     460  124  50.8 

■»mt  =  Metric  Ton  =  2204  pounds. 


Source:  Engineering  and  Mining  Journal,  September,  1974. 
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will  be  0  to  17  million  tons  ohort  of  raw  utocl  neodo.  Those  numbers  axe 

not  misleading.  Steel  officials  are  the  first  to  warn  that  a  large  deficit 
is  entirely  possible  for  the  future.  On  the  other  hand,  it  would  be  a 
mistake  to  regard  the  outlook  as  hopeless.  The  recent  increases  in  steel 
prices  should  go  a  long  way  towaxd  generating  confidence  in  continued  profit- 
ability. 

For  the  next  10  years  and  probably  longer,  basic  steel  is  going  to  be 
a  coal-based  industry.  Five  new  coal  mines,  with  combined  capacity  of  over 
10  million  tons  a  year,  are  being  opened  up.  The  reason  for  this  emphasis 
is  obvious.  Coal  is  available  to  American  steel  mills  in  almost  -unlimited 
quantities.  For  some  time  to  come,  most  of  the  nation's  coal  will  be  coked 
in  conventional  slot  ovens.  Eight  of  these  are  being  built, 

Down  the  road  somewhere  may  be  formed  or  pelletized  coke.  Now  in 
startup  is  a  pelletizing  plant  at  Sparrows  Point.  Sponsored  by  Bethlehem 
and  a  nvunber  of  other  steel  companies,  this  pilot  operation  will  turn  out 
500  tons  a  day.  Operating  tests  and  blast  f\imace  performance  tests  are 
expected  to  run  about  a  year.  One  big  advantage  of  the  new  method  is 
pollution  abatement. 

Already  underway  is  an  expansion  of  iron  ore  properties.  Six  new 
projects  include  a  10-million-ton  addition  of  concentrates  at  U.S.  Steel's 
Kt.  Wright  mine  in  Quebec,  and  the  Hibbing,  Minn.,  project  which  will  give 
Bethlehem  einother  6  million  net  tons  of  iron  pellets.  The  ore  programs 
bring  out  the  fact  that  steel  companies  are  doing  more  than  simply  balance 
existing  facilities.  Others  nxc  also  starting  to  provide  the  raw  material 
base  for  integrated  expansion. 
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To  some  steel  people,  there  ic  enoucli  overall  oavinc  to  make  a  lar{jc 

blast  furnace  nandatory.  That  leaves  the  problem  of  fitting  a  giant  furnace 

into  the  rest  of  the  company's  production  facilities. 

With  regard  to  steel  refining,  there  seems  to  be  no  question  the  basic 
oxygen  process  will  be  the  workhorse  of  new  plants.  Three  new  oxygen  shops 
are  being  built  in  this  country  and  Canada,  Various  improvements  are  being 
made  at  other  locations. 

Electric  steelmaking  is  very  much  in  the  expansion  picture.  Electric 
furnace  mini-mills  continue  to  spring  up  all  over  the  country.  The  current 
problem  for  electric  fujmace  shops  is  the  price  of  scrap.  Direct  reduction 
would  help  in  this  regard  but  most  reduction  processes  require  natural  gas, 
which  isn't  available  in  most  steel  producing  areas.  Another  possibility 
is  that  the  SL/RiI  process,  which  uses  solid  carbon  as  a  reductant,  will  prove 
attractive.  Coal  gasification  could  be  important  for  direct  reduction. 

Continuous  casting  is  now  generally  favored  for  the  conversion  of  raw 
steel'  into  semifinished  steel.  Five  new  casting  installations  have  been 
started  by  the  larger  mills.  Exhibit  2  is  a  summary  of  the  planned  expansion 
in  the  U,S, 
Future  of  the  Steel  Industry  in  the  V/est^  ' 

For  years,  the  western  part  of  the  U,S,  had  been  suffering  from  dis- 
proportionate import  of  steel  relative  to  the  rest  of  this  country.  Now 
because  of  the  world  steel  situation,  the  area  is  suffering  from  a  shortage 
and  in  some  cases  paying  premium  prices. 

For  the  entire  decade  of  the  1960's,  imported  steel  was  coming  into 
this  market  area  in  increasing  quantities.  Three  years  ago,  foreign  steel 


(1) 


Source:  Iron  and  Steel  Engineer,  November,  1974. 
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EXHIBIT  2 
U.S.  STEEUIAKING  CAPITAL  SPEEDING 

Steel  Expansion  Starts 

More  than  10  million  tons  of  new  raw  steel  capacity  will  be  added  by 
the se  companie 3 : 

U.S.  Steel — 5  million  tons — 1976. 

Bethlehem — 1.6  million  tons — 3500  million — 1977. 

National  Steel — 1  million  tons  (750»000  finished  product)  $500  million 

(2  million  by  I98O). 
Jones  &  Laug^lin — 1  million  tons — $200  million, 
Yoimgstown  Sheet  &  Tube — 750,000  tons — $200  million  (another  650,000 

second  phase). 
Kaiser  Steel — 200,000  tons. 

Alle^eny  Ludlum — lO^o  expansion — $22  million, 
.  Keystone — 40,000  tons. 

Raw  Materials 

Iron  Ore 

Hibbing,  I-Iinn, — 5»4  million  ton  pellet  plant,  Bethlehem's  share  of 
venture  with  Pickands  I-Iather,  others, 
i  I-Iinn. — 2.6  million  tons,  taconite  mine  with  pellet  plant.  Inland, 

Also  new  ore  boat, 
1  ItLnn, — Pellet  plant,  National,  also  new  ore  boat, 
I  Quebec — 10  million  tons  of  concentrates,  Kt,  Wright,  U,S,  Steel, 
S  Quebec — Fire  Lake,  U,S.  Steel. 
Liberia — Exploration,  Republic. 
Sinter  plants 

Spsirrows  Pt.,  Md. — Bethlehem,  replaces  six  small  machines. 

*  Fontana,  Calif. — Kaiser — improvements. 
Scrap 

Pueblo,  Col, — CF&I  acquired  area's  largest  scrap  processor  in  197% 
Coal  Mines 

West  Va, — 2,5  million  tons  a  year,  Republic, 

West  Va, — 1  million  tons  a  year,  Armco, 

Pa, — 2  million  tons/year,  S50  million,  Youngstown, 

•  Pa, — 4  million  tons/year,  U,S,  Steel, 
Ala, — 5  million  tons/year,  U,S,  Steel, 

Coke  and  Coal  Gasification 

Coke  Batteries 

Aliquippa,  Pa,,  1978,  Jones  &  Lau^lin,  Pipeline  charging, 
Aliquippa,  Pa,,  1976,  Jones  &  Laughlin,  Modernization, 

Follansbee,  West  Va.,  79-oven,  Wheeling-Pittsbur^,  $60  million,  replace- 
ment, 
Bethlehem,  Pa,,  Bethlehem, 

Indiana  Harbor — 56  ovens,  2500  tons/day,  Inland,  pipeline  charging, 
Indiana  Harbor — 85  ovens,  2700  tons/day,  Yo\ingstown, 
Gary— U.S.  Steel, 
Middletoxvm,  0, — Armco, 
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EXHIBIT  2  (cont.) 

Coke  pellet  plant 

Sparrows  Pt,,  500  tons/day,  joint  venture. 
Coal  Gasification 

United  Kingdom,  pilot  plant,  Republic  a  participant. 

Iron  I^akin,? 

Blast  furnaces 

Gcury — 8000  ton/day — U.S.  Steel,  recently  started. 

Sparrows  Pt.,  Kd. — 8000  ton/day,  Bethlehem  Steel  Corp,  replaces  four 
small  furnaces. 

IJanticoke,  Ont. — 4000  tons/day  (est.)  Stelco. 
Scrap  melter 

Bums  Harbor,  Bethlehem,  tentative. 
Direct  reduction 

Venezuela,  Lukens,  part  owner  of  PIOR  plant. 

Steep  Rock,  Ont.,  American  participation  likely  in  proposed  plant, 

SteeLr.akin;? 

Basic  Oxygen  Vessels 

Bums  Harbor — added  vessel,  1  million  tons,  Bethlehem. 
[Sharon,  Pa. — added  vessel,  SIO  million,  Sharon. 
Indiana  Harbor — 2.2  million  tons,  two  210  ton  vessel,  Inland, 

Near  completion. 
(Kanticoke,  Ont. — 1.5  million  tons,  Stelco. 
'.Aliquippa,  Pa. — expansion — Jones  &,   Laughlin, 
'Youngstown — 2.5  million  tons,  two  200-ton-Youngstoim. 
Natrona,  Pa. — Improved  EOF — Allegheny  Ludlum. 
Q-BOP 

Fairfield,  Ala.— U.S.  Steel. 
Electric  furnaces 

•South  Uorks— 100  ton— U.S,  Steel, 
Fairless  Works — Two — U.S,  Steel,  recently  started, 
Baytown,  Texo — T\7o,  U,S,  Steel, 
Canton,  0. — S28  million  modernization  plus  $6  million  for  duplexing 

vessel — Republic. 
"Cartersville,  Ga. — Two — Atlantic  Stee. 

Continuous  Casting 

Blooms  —  Fairless,  U.S.  Steel,  twostrand,  recently  started. 
Slabs  —  Baytown,  Tex.,  U.S.  Steel,  two  machines. 
Slabs  —  Nanticoke,  Ont.,  two-strand,  Stelco. 
Slabs  —  Great  Lakes,  1.2  million  tons.  National, 
Billets  —  Cartersville,  Ga,,  Atlantic  Steel, 

Rolling  and  Finishing 

Plate  mill  —  Bums  Harbor,  110  in,  Bethlehem. 
Cold  mill  —  Bums  Harbor,  54  in.  Bethlemen, 
Cold  mill  —  Weirton,  National,  fully  continuous. 
Hot  strip  mill  —  Nanticoke,  Ont.,  Stelco,  1977» 
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EXHIBIT  2  (cont.) 

Hot  strip  mill  —  Granite  City,  enlargement,  National, 

Strip  mill  —  Fontana,  I'Caicer  —  automatic  roil  charge. 

Blooming  mill  —  Sterling,  111,  Northwestern,  46  in. 

Blooming  mill  —  Aliquippa,  Pa,,  Jones  U   Laughlin, 

Bar  mill  —  Sterling,  111.,  Northwestern,  I4  in. 

Bar  mill  —  Cartersville,  Ga,,  Atlantic  Steel, 

Rod  mill  —  Cuyahoga,  0,,  Modernization — U,S,  Steel. 

Pipe  mill  —  100,000  tons,  National, 

Pipe  Finishing  —  Aliquippa,  Pa,,  Jones  L   laugjilin. 

Anneal  and  galvanize  —  Bums  Harbor  —  Bethlehem, 

Annealing  furnace  —  Canton,  0,,  Republic, 

Scarf er  &  Shear  —  Peoria,  111,,  Keystone, 

Coiler,  reheating  furnace  —  Riverdale,  111,,  Interlal:e, 

Soaking  pits  —  Brackenridge ,  Pa,,  Allegheny  Ludlum,  seven. 

Slab  conditioning  —  Brackenridge,  Pa,,  Allegheny  Ludlura  20  percent  increase. 

Anneal  and  Pickle  —  Brackenridge,  Pa,,  Allegheny  Ludlum,  modernization. 

Heat  treating  —  V/arren,  0,,  Copperweld,  25  pet  expansion. 


Source:   Iron  and  Steel  Engineer,  November,  1974< 
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was  continuing  to  increase  its  penetration  into  the  western  steel  market, 
undercutting  domestic  prices  by  $50  to  $40/ton  with  the  local  industry 
gasping  for  enough  business  to  survive.   In  1972,  foreign  steel  took  57% 
of  the  western  market  and  50  to  60%  of  the  entire  market  for  some  specific 
products.  This  was  twice  the  national  average  for  imports'  share  of  the 
market. 

In  1973  foreign  steel  producers  began  finding  it  more  profitable  to 
selll  elsewhere  and  were  changing  their  product  mixes  as  well,  so  that  when 
these  factors  were  added  to  long  shipping  distance  and  lead  times,  the  product 
distortions  and  impending  shortages  in  the  marketplace  were  becoming  increas- 
ingly evident.  Then  came  the  sharp  upward  demand  in  the  western  steel  market. 
Combined  with  the  downturn  in  steel  imports — demand  was  growing  all  over 
the  world — the  booming  western  market  resulted  in  shipments  by  western  pro- 
ducers of  5j-  million  tons  in  1975 — an  all-time  high.  Customers  were  asking 
for  more  steel  than  could  be  produced.  They  are  still  asking  for  more  than 
the  area  can  produce  and  probably  received  more  steel  from  western  suppliers 
las--  .year  than  can  be  shipped  to  them  this  year. 

.Steel  is  in  short  supply  in  the  v/orld  today.   It  is  short  in  the  U,S., 
and  perhaps  the  tightest  steel  market  of  all  is  in  the  west.  Those  involved 
in  the  western  steel  industry  have  an  opportunity  as  never  before  to  break 
out  of  that  circle  and  supply  the  western  customers  with  more  steel  made  in 
the  west. 

Western  producers  have  fairly  consistently  supplied  between  50  and  6o;^ 
of  the  western  market.  The  remainder  comes  from  eastern  mills  and  imports. 
But  the  percentage  of  the  western  market  supplied  by  eastern  mills  has  been 
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doclininc  as  the  foreicn  steelmakers  increased  their  share  of  the  market 

until  1973»   In  1975  the  foreicn  steelmakers  decreased  the  share  of  the  v/estem 
market.  The  western  and  the  eastern  mills  combined  to  take  up  the  slack. 
Even  so,  supply  fell  short  of  requirements.   If  the  western  or  the  eastern 
mills,  or  the  overseas  producers  has  more  steel  to  sell  in  the  west  today, 
the  market  would  absorb  it.  And  the  demajid  for  steel  in  the  v/est  is  going 
to  grow. 

As  a  result  of  a  better  outlook  in  recent  months,  some  expansion  plans 
have  been  announced  in  the  U.S.   In  the  west,  U.S.  Steel  has  ajinoimced  a 
500,000  ton  increase  for  Geneva;  Ameron,  in  Etiwanda,  a  350,000  ton  expan- 
sion; Oregon  Steel  Mills  in  Portland,  200,000  tons;  and  Kaiser  will  add 
200,000  tons  of  capacity  at  Fontana,  There  is  also  a  newcomer  to  the  steel 
production  industry,  Schnitzer,  in  Portland,  v;ho  has  announced  plans  for  an 
electric  furnace-continuous  casting  shop.   (There  may  be  other  plans,  which 
have  not  been  as  yet  formally  announced.)  Some  of  these  announced  programs 
involve  new  equipment,  and  some  are  based  on  rounding  out  facilities  to  more 
fully  jutilize  existing  melting  capacity.  Certainly,  this  is  nowhere  near 
enou^i'  to  meet  demand,  but  it  will  help. 

■The  foreign  steelmakers  have  traditionally  taken  a  larger  portion  of 
the  western  market  than  they  have  of  the  U.S.  market  as  a  whole.   In  1972 
they  peaked  at  57/o.   In  1973  they  obtained  about  285^  of  the  business,  Ri^t 
now  the  foreign  steelmakers  do  not  really  want  to  do  business  in  the  west. 
What  business  they  are  engaged  in  is  strictly  to  keep  their  customers' 
business  long  term — and  they  are  charging  premium  prices.  Given  that  kind 
of  situation,  American  steel  could  compete  with  the  imports  in  the  west  and 
win  back  a  portion  of  the  western  market  that  the  imports  now  hold. 
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Right  now,  foreign  steelmakers  are  taking  about  28?o  of  the  market,  or 
about  2^  million  tons.   If  they  hold  their  share  of  the  western  market 
(roughly  J>(f/o)   by  1980  they  will  be  selling  almost  1  million  tons  additional 
in  the  west  than  they  are  today. 

If  western  producers  are  to  maintain  their  share  of  their  own  market, 
about  1,6  million  tons  of  raw  steel  capacity  must  be  added.  But  here  is  where 
the  real  opportxmity  lies.  There  is  no  reason  why  the  west  should  get  twice 
the  percentage  of  imports  that  the  country  gets  as  a  whole.  If  the  imports 
can  be  reduced  in  the  western  market  to  15%,  the  west  will  need  another  2,6 
million  tons  of  steelnaking  capacity,  Kow  that  means  that  to  reduce  imports 
in  the  west  would  need  to  add  4*2  million  tons  of  capacity.  This  would  pro- 
vide, a  fantastic  opportvmity  for  people  in  the  steel  industry.  This  would  be 
more:  than  the  total  output  of  a  Geneva  or  a  Fontana,  and  almost  as  much  as 
the  two  combined.  This  would  mean  about  850  more  first  line  foremen,  155 
general  foremen,  about  100  more  assistants  and  mill  superintendents,  155 
engineers,  nearly  100  chemists  and  metallurgists,  plus  all  of  the  other 
nece'ssaiy  disciplines — production  planning,  environmental  control  scientists, 
purchasing,  accounting,  sales,  industrial  relations  and  others.  Recruiting, 
training  and  developing  the  people  to  fill  these  jobs  would  be  as  important 
and  difficult  a  task  as  raising  the  money  for  the  expansion. 

The  Canadian  market  was  not  included  in  the  analysis  for  two  reasons. 
First,  there  are  a  number  of  Western  Canadian  mills  which  are  close  to  the 
U,S,  border.  Exhibit  5  shows  these.  These  mills  will  be  very  competitive. 
It  was  therefore  assumed  that  no  significant  Canadian  market  is  available 
to  a  Montana  merchant  mill.  Secondly,  Canada  has  had  a  $6-7/ton  tariff  in 
the  past.  This  is  about  G-Sfyo  ad  valorem  on  rolling  mill  products. 
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EXHIBIT  5 
IRON  AND  STEEL  IN  CANADA 
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Source:  Department  of  Energy,  Mines  and 
Jan.  1967,  Operators  List,  Part 

nOEX  —  Iron  and  Steel  in  Canada  I966 

Integrated  iron  and  steel  producers  • 

l.-Dosco  Steel  Limited  (Sydney) 
2.  Dominion  Foundries  and  Steel, 
•  ).  Limited  (Hamilton) 
5,#The  Steel  Company  of  Canada, 
•  Limited  (Hamilton) 

4.  The  Al^oma  Steel  Corporation, 
'.  Limited  (Sault  Ste.  F^rie) 

5.  Cominco  Ltd.  (Kiraberley) 

Non-integrated  iron  producers  A 

6.  Quebec  Iron  and  Titanitun  Cor- 

poration (Tracy) 

7.  Canadian  Furnace  Division  of 

Algom.a  (Port  Colborne) 

j;on-integrated  steel  producers  (partial 
listing)  ■ 

8.  Newfoundland  Steel  Company  Limited 

(Octagon  Pond) 

9.  Enajnel  &  Heating  Products,  Limited 

(Amherst) 


Resources,  Primary  Iron  ajid  Steel, 
1. 


10.  Atlas  Steels  Company  (Tracy) 

11.  Crucible  Steel  of  Canada  Ltd. 

(Sorel) 

12.  Canadian  Steel  Foundries  Divi- 

sion (Montreal) 

13.  Canadian  Steel  V.Tieol  Limited 

(Montreal) 

14.  Dosco  Steel  Limited  (Montreal) 

15.  Atlas  Steels  Company  ^Welland) 

16.  Burlington  Steel  Co.  (Hamilton) 

17.  Lal:e  Ontario  Steel  Co.  Ltd. 

(V.Tiitby) 

18.  Manitoba  Rolling  Mill  Div. (Selkirk) 

19.  Intcrprovincial  Steel  &  Pipe  Cor- 

poration Ltd.  (Regina) 

20.  Premier  V/orks  of  STELCO  (Edmonton) 

21.  Western  Canada  Steel  Limited 

(Calgary)  (plant  leased  from 
V/estom  Rolling  Mills  Ltd.) 

22.  Western  Canada  Steel  Ltd.  (Vancouver) 
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III.  nESOUHcns 

North  Amcricaii  Iron  Pro 

Exhibit  4  shov/s  a  siimraarj'  of  North  American  iron  ore  production.  The 

majority  of  mines/plants  produce  in  excess  of  1  million  tons  of  final  product 

of  approximately  65%  grade.  The  product  is  usually  shipped  by  rail/boat  to 

the  consumption  destination.  The  mines  are  often  considerable  distances 

from  the  steel  mills.  Exhibit  5  shows  typical  distances  between  origin  and 

destination  for  iron  ore  shipped  by  rail  for  various  U,S,  operations.  The 

only  five  mines  in  the  Mountain  States  region  are  in  Utah  and  Wyoming,  They 

have  the  following  distances  and  yearly  productions: 

Million  Tons 
Approx, 
Mine 

Comstock  Mine,  Cedar  City,  Utah 

Desert  Mound  Mines,  Cedar  City,  Utah 

Iron  Springs  Mine,  Cedar  City,  Utah 

Sunrise  Mine,  Simrise,  Wyoming 

Atlantic  City  Ore,  Landers,  V/yoming 

Western  U,S,  Coal  Supply 

(Most  coal  and  iron  ore  mines  are  owned  by  the  steel  companies  that  use 
the  product.  The  principal  coking  coal  deposits  in  the  Rocky  Mountain  area 
are  held  by  steel-producing  interests  that  maintain  a  strong  reserve  posi- 
tion and  captive  mines  for  their  coke  supply.  The  remaining  (and  available) 
coking  coal  reserves  are  in  relatively  small  deposits,  hard-to-mine  seams, 
or  are  the  remnant  areas  of  old  shut-down  mining  districts.  They  are 
"problem  children"  and  are  economically  marginal  at  best. 

In  recent  years  the  requirement  for  high-strength  coke  for  blast-furnace 
charges  has  led  to  the  practice  of  blending  several  coals  of  medium  coking 


Destination 

Approx, 
Miles 

815 

Production 
Yearly 

Pueblo,  Col. 

.93 

Prove,  Utah 

260 

.53 

Provo,  Utah 

260 

.50 

Pueblo,  Col, 

300 

.54 

Provo,  Utah 

350 

1,70 
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EXHIBIT  5 

DISTAIJCES  OF  IROII  ORE  SHIHffiOTS  BY  RAIL 


From 


To 


Distance  (miloc) 


Mo sab i 
Gogebic 
Marquette 
Gogebic 
Gulf  Coast 
Mesabi 

Fillmore  Coujity, 
Fillmore  County- 
Gulf  Coast 
Gogebic 
Gulf  Coast 
Schefferville 
Iron  Kt,,  Miss. 
Upper  New  York 
Fillmore  County 
Erie,  Pa.* 
Eagle  Mo-untain 
\'tyman 
Baltimore 
Baltimore 
Gogebic 
Gogebic 
Mesabi 
Lowphos 
Baltimore 
Copper  Cliff* 
Atikokan 
Mesabi 
Hilton* 
Mesabi 
1  'ormora* 
jjalie  Erie 
Copper  Cliff* 
l^iladelphia 
Gulf  Coast 
Baltimore 
Steep  Rock 
Baltimore 
Baltimore 
Mesabi 
Ashtabula 
Mormora* 
Iron  Mountain 
Cleveland 
Cleveland 
Ashtabula 
Ashtabula 
Vawa* 


Granite  City 
Granite  City 
Granite  City 
Birmingham 
Chicago 
Chicago 
Minn ,  Bimin£^am 

Granite  City 

Granite  City 

Escanaba 

Birmin^am 

Sept  lies 

Birmin^am 

Pittsburg 

Chicago 

Sparro\7S  Point 

Font ana 

Hamilton 

Mddleton 

Chicago 

Weir ton 

Pittsburg 

Pittsburg 

Depot  Harbor 

Ashland 

Velland 

Port  Arthur 

Pittsburgh 

Hamilton 

Cleveland 

Hamilton 

Ashland 

Sault  Ste,  Marie 

Pittsburgh 

Lone  Star 

Youngsto\m 

Port  Arthur 

Weirton 

Pittsbui-gh 

Duluth 

Aliquippa 

Hamilton 

Granite  City 

Pittsburf^i 

Weirton 

Youngs  tovm 

Warren 

Michiriicotcn 


700 
600 
625 
1125 
938 
550 
938 
450 
688 
188 
250 
357 
563 
563 
313 
438 
163 
332 
500 

688 
844 
875 

1000 
150 
438 
338 
144 

1000 
281 
900 

175 
250 
175 

288 
281 
300 
138 
283 
218 

69 
122 
125 

94 
125 
119 

65 

47 
8 


Sources:  Hanna  Mining  Company;  Canada,  Bureau  of  Miincs;  *196l. 
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characteristics  to  produce  an  improved  high-strength  coke.  Kaiser  Steel 
formerly  brought  blending  coal  from  the  Oklalioma- Arkansas  coal  fields,  but 
now  obtains  this  requirement  from  the  Carbondale  Field  in  western  Colorado, 
This  mine  also  supplies  U.S.  Steel  at  Provo,  Utah,  and  CF&I  Steel  at  Pueblo, 
Colorado,  with  blending  coal. 

In  recent  years  a  few  coal  companies  in  the  western  U.S,  had  made 
overtiires  to  the  Japanese  market  v/ith  test  shipments  of  blending  coal, 
including  several  from  mines  in  the  Oklahoma-Arkansas  district.  Those  were 
unsuccessful,  as  was  a  shipment  fi-om  the  Somerset  Field  of  Colorado, 

In  July  1970,  on  the  other  hand,  Kaiser  Steel  annoujiced  that  it  had 
entered  a  long-term  contract  for  supplying  coking  coal  to  the  Japanese 
market.  Kaiser  v/ill  supply  650,000  tpy  from  the  Sunnyside  mine  in  Utah, 
shipped  via  Long  Beach,  Calif.  This  10-year  contract  marks  the  first  export 
agreement  of  anj^  appreciable  size  to  be  written  for  a  steady  long-terra 
supply  from  the  v/estern  coking  coal  regions. 

Indeed,  coking  coal  operations  in  the  western  United  States  are  essen- 
tially an  in-house  captive  mine  facility  of  the  aforementioned  three  steel- 
making  companies.  Of  the  21  districts  shown  on  the  coking  coal  map  in 
Exhibit  6,  there  are  few  holdings  v/ith  sufficient  reserves  that  could  be 
acquired  by  other  companies  who  would  like  to  develop  a  new  coking  coal 
supply  of  1  million  tons  annually  over  a  15-yeax'  period,  the  usual  time 
and  volume  commitment, 

U.S.  Natural  Gas  Supply 

The  Federal  Pov/er  Commission  expected  the  nation's  42  major  interstate 
pipelines  to  fall  short  of  their  contracted  deliveries  by  an  average  of  ll/o 


EXHIBIT  6 
VESTEKN  U.S.  COKHIG  COAL  AREAS 
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-—■     "V 
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-,   id  / 


^l-- 


AnthratiU-  and 
semi  anthracite 


Lo^v-«.rt|.itilo 
liilumiuou*  coal 


Mc'liiim-  anfi  h;cli-*oI.ili!c     Sul>biltimmous  coal 
bituminous  rnal 


C 


LienilC 


N        '--- 


\   r"\ 


-'^A 


200 
__I 


600  Miles 
I 


1,  \/:  Ike  son-Carbonado  field  and 

?airfax-Kontcsuma  axea 

2.  Hoslyi:i  field 

5»  Livinf^Gton  field 

4.  Electric  field 

5.  Groat  Falls  field 

6.  Keranerer-Willow  Creek  field 
7«  Rock  Sprincs  field 

0.  Cambria  field 

9.  Sunnyoidc-Castlef^tc  field 

10.  Kount  Pleasant  field 

11.  Kolob  field 


12.   Soraerset-Crested  Butte-Carbondale 

region 
15.   San  Juan  River  field 

14.  Duranco  field 

15.  Raton  Ilesa  region 

16.  Monero  field 

17.  CcrrilloD  field 

18.  Carthage  field 

19.  Ilenryetta  district 

20.  Southern  part  of  the  Oklahoma 

field 

21.  Western  Arkansas  field 


Source:  Coking  Coals  of  Western  United  States,  Paul  Avcritt  in  USGS  Bulletin 
1222  -  G,  1966. 
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during  the  winter  months  of  1974.  This  estimate  v/as  probably  conservative. 
Industrial  users  are  the  most  vulnerable  to  cutbacks,  followed  by  commercial 
users,  and  finally  residential  consumers, 

Montana  will  be  less  seriously  affected  than  most  states,  but  since 
curtailments  to  existing  customers  exist,  a  large  new  consumer  would  find 
xininterruptible  contracts  for  laxge  quantities  to  be  nonexistent, 

Montana  Resources 

Table  1  shows  the  major  iron  ore  deposits  in  Montana,  The  prevelant 
iron  ore  mineral  is  ma^etite.  The  locations  with  large  reserves  (more 
than  10  million  tons)  are  of  most  interest  because  of  their  long  range 
comaercial  potential.  Preliminary  research  indicates  that  some  of  these 
deposits  are  amenable  to  beneficiation  and  pelletizing.  Additional  research 
is  necessary  to  verify  exactly  what  method  of  treatment  is  necessary  and 
practical.  The  possibility  of  direct  reduction  also  needs  to  be  investi- 
gated more  thoroughly.  Currently  no  commercial  mining  of  iron  ore  is  being 
cona-wcted.  The  Carter  Creek  deposit  ten  miles  east  of  Dillon  is  under 
active  investigation  by  an  Oregon  based  steel  company  which  holds  mining 
options  on  the  mineral  rights  there. 

At  present  there  is  insufficient  information  available  to  determine 
the  economic  feasibility  of  raining  Montana  iron  ore.  Before  further  economic 
studies  can  be  pursued,  it  is  necessary  to  conduct  much  more  detailed  testing 
of  the  deposits.   If  the  Montana  deposits  do  not  prove  to  be  economical, 
then  the  possibility  of  obtaining  ore  from  existing  Canadian,  V/yoming,  or 
Utah  sources  would  need  to  be  pursued.  Appendix  A-1  is  a  map  showing  the 
location  of  the  iron  occurrences  summarized  in  Table  1, 
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TABLE  1 
SUMI'IARY  OF  nOflTAilA  IHON  ORE  DEPOSITS 


Iron 

Estimated 

Deposit 

Content 
(from 

Reserves 
(millions 

Suitability  For 
Steel  Mfg. 

Samples) 

of  tons) 

Beavcrhead/Kadison  Area 

Cai'ter  Creek 

Kelly 

Ranishom 

50/0 

to  57% 

42  to  sev.hun, 
10+       1 
10+ 

\Can   concentrate  by 
/normal  means-hi^ 
l^silica  content 

Drj-  Boulder  Creek 

10+ 

Johnny  Gulch 

42% 

10+ 

-^Difficult  separation. 

Birch  Creek 

60% 

to  70% 

V^high  silica 

Little  Belt  Kountains  Area 

Running  V7olf 

55$'o 

to  60% 

.6  to  1,5++ 

Mlas  produced  commercial 

Thunder  Mountain 

55% 

.1 

\jDre 

Iron  Mountain 

55% 

to  56% 

.1+ 

YopD  Peak 
Sheep  Creek 

30% 

to  53% 

5  to  10 

( 

Csulpher  content  may  be 
-^  problem;  also  silica  5: 
^jjhosphorus  high 

Camas  Creek 

Unknovm 

huge      1 

^Questionable  because  of 

( 

amphibole  &  pyroxene 

Anaconda  Area 

Cable  Mountain 
Southern  Cross 

Other  Areas 

Sweetgrass  Hills 
Elkhom  Mountains 
Iron  Cross  Mine 

Castle  Mountains 
Choteau  &  Glacier  Co, 

Stillwater  Complex 


50%  to  50^0 


60% 

53%  to  69^^ 

4250  to  44% 

32%  to  61% 
10%  to  55% 

Unknown 


2  to  5 

several  + 
small 


Anaconda  Comnany  Slag  Dum-ps 

Anaconda 
East  Helena 
Great  Falls 


45% 

40 

45% 

40 

45% 

40 

Can  concentrate  by 

normal  means 


Have  rained  for  cement; 
higji  Titanium 

'Unsuitable  due  to 
__Titaniujn 

fChromite  content  may  be 
suitable  for  stainless 
steel 

(^Considered  for  use  in  an 
J  integrated  steel  plant 

)  utilising  natural  ore  &. 
I  slag  by  Webb  ICnapp  Inc. 
Vj.n  1959 


Sources:   "Iron  Deposits  in  Montana",  Montana  Bureau  of  Mines  &  Geology,  1956. 
"Mineral  and  V/ater  Resources  of  Montana",  U.S.  Geological  Survey  in 
collaboration  with  the  Montana  Bureau  of  Mines  &  Geology,  I963. 
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Appendix  A-2  is  a  map  showing  Montana  coal  occurrences.  To  date  no 
suitable  coking  coal  source  has  been  established  in  the  State.  The  suita- 
bility of  Montana  coal  for  direct  reduction  has  not  been  established  and 
is  extremely  doubtful.  The  use  of  Montana  coal  for  blending  or  for  use 
in  formed  coke  production  is  also  questionable  at  the  present  time.  CoaJ. 
gasification  potential  is  also  a  remote  unresolved  possibility. 

The  overall  coal  supply  for  use  in  steelmaking  within  Montana  is 
therefore  nonexistent  at  present.  The  use  of  developing  coal  technology 
seems  to  be  the  only  possible  hope.  With  existing  sources  and  technology 
the  only  alternative  appears  to  be  shipment  of  coal  from  out-of-state 
sources.  These  sources  are  considerable  distances  and  competition  for 
the  available  supply  is  hi^. 

Suitable  limestone  and  dolomite  are  plentiful  in  Montana,  Appendix 
Map  A-5  shows  the  location  of  the  occurrences  as  well  as  the  type.  Proces- 
sing of  the  rock  into  lime  will  be  necessary  before  electric  fuxnace 
consumption. 

Montana  has  manj'  of  the  alloy  elements  used  in  steel.  Such  minerals 
as  nickel,  manganese,  timgsten,  chromium,  molybdenTim,  and  vanadium  are 
found  in  deposits  around  the  State.  However,  these  additives  only  amoiuit 
to  abo"ut  1%  of  the  raw  material  tonnage.  Therefore,  the  expense  of  shipping 
them  fi-ora  out-of-state  is  not  a  major  cost  consideration.  These  ores  may 
also  need  concentration  or  refining  before  they  could  be  used. 

Water  availability  is  shovm  in  appendices  A-4  and  A-5,   It  appears  that 
a  number  of  locations  could  support  the  v/ater  requirements  of  an  iron  ore 
beneficiation  plant  and  a  small  steel  mill.  A  large  steel  mill  would  be 
feasible  only  in  limited  areas. 
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Montana  Railroads,  HJi^ways,  Utilitioo,  and  Scrvicoa 

The  Burlington  Northern  Railway  Company  is  the  principal  railroad 
company  in  the  State,  East-V/est  connections  are  especially  good,  while 
southbound  connections  are  norc  difficult.  Appendix  A-7  shows  the  routes. 

Interstate  hi^ways  as  well  as  other  U,Lj,  and  State  roads  are  adequate 
for  truck  shipments  iii  all  directions.  Appendix  A-8  shows  the  major  high- 
ways in  the  State, 

Appendix  A-9  contains  the  electric  and  gas  system  of  Montana,  Addi- 
tional power  and  gas  transmission  lines  would  probably  be  needed  to  support 
the  mill  unless  it  were  located  close  to  the  generation  points.  The  avail- 
ability of  uninterrupted  service  for  a  steel  mill  is  questionable  in  Montana, 
The  current  hearings  on  Coalstrip  5  send   4  would  greatly  affect  electricity 
availability. 

About  70^0  of  Montana's  natural  gas  comes  from  Canada,  Recently  Canada 
has  not  only  increased  the  cost  TOO^o  in  tv;o  years;  but,  has  announced  that 
the  EUDply  will  be  reduced  drastically.  The  power  and  gas  situations  are 
therefore  uncertain  and  discouraging, 

TJie  availability  and  price  of  natural  gas  are  especially  critical  with 
regara  to  the  development  of  direct  reduction  facilities,  Tlie  availability 
and  price  of  electricity  are  most  critical  to  the  electric  furnace  where 
the  power  cost  is  usually  about  5-2/J  of  the  cost  of  the  final  product. 

The  ancillary  services  needed  to  support  a  large  industrial  operation 
would  be  located  mainly  in  the  Butte-Anaconda  area  or  the  Great  Falls  area 
because  of  their  present  primary  metals  operations,  Billings  and  Missoula 
would  have  some  of  the  facilities  needed.  These  larger  population  centers 
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would  alco  be  dccirablo  locations  because  of  their  potential  manpower  pools. 
In  addition,  comraxinity  objections  would  be  minimized  because  of  the  present 
industrial/commercial  activity,  Ijocatinf:  in  these  areas  would  also  minimize 
undesirable  sociolocical  and  cuvironinental  affects. 

Stainless  Steel  Alloys 

If  stainless  steel  were  to  be  a  major  product  produced  by  a  Montana 
steel  mill,  then  the  chromium  and  nickel  raw  materials  are  much  more  signifi- 
cant, A  typical  stainless  steel  contains  as  much  as  13%  chromium  and  8% 
nickel.  Shipping  costs  v/ould  be  significant  with  this  volume. 

The  Aji^conda  Company  controls  claims  on  chromite  deposits  located 
south  of  Columbus,  Montana,  Recent  correspondence  with  company  representatives 
indicates  thaxno  accurate  feasibility  or  cost  of  utilizing  these  deposits 
have  been  maae  since  Vforld  War  II,   One  rough  estimate  is  that  the  ore 
could  be  nrofitably  mined  if  prices  were  in  the  range  of  $80/ton.  Hecent 
chromixe  prices  were  about  $50/ton. 

Domestic  -nine  production  of  chromite  ceased  in  19^1,  althougii  eleven 
U.S,  plants  process  the  chromite.  These  plants  are  principally  in  Ohio, 
New  Yor^:,  and  the  South,  Japan,  Sweden,  and  South  Africa  are  the  major 
import  sources  of  processed  ferro-chromium.  The  principal  mine  locations 
in  the  v;orld  are  in  the  U.S,S,R,,  Turkey,  Rhodesia,  South  Africa,  and  the 
Pliilippines,  The  price  of  chromite  and/or  ferro-chromium  could  sky-rocket 
in  the  futui-e  because  of  this  import  sitxiation. 
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IV,    PR0C7':r>STT)r,  of  rav/  iiATninALS 

EcononicG  of  Tron  Ore  Dcvoloinnont 

The  swift  spread  of  radically  different  practices  in  ore  mining  prepara- 
tion, and  transport  have  brought  about  complex  changes  in  the  scale  and 
location  patterns  of  activities.   In  the  past,  it  has  been  the  spatial 
distribution  of  blast  furnaces  that  affords  the  major  control  over  the 
geography  of  iron  ore  decands.  The  level  and  location  of  ore  demands  are 
primarily  determined  by  this  fact, 

lixhibit  7  shov/s  an  outline  of  some  of  the  major  considerations  involved 
in  iron  ore  development. 

Comprehensive  studies  must  precede  commercial  beneficiation  of  iron 
ores  by  any  process,  particularly  nonmagnetic  iron  ores,  because  of  the 
raulti-ole  costs  involved  and  the  narrow  margin  of  profit  for  any  method 
used.  •  Thus,  in  the  reduction  roasting  and  magnetic  separation  process, 
crushing  and  grinding,  roasting,  and  agglomeration  of  concentrates  are 
major  costs.  In  flotation,  grinding,  chemical  reagents,  and  agglomeration 
of  concentrates  are  major  costs.  Of  course,  mining  itself  is  a  major  cost 
connected  with  either  method  of  recovery  inasmuch  as  2  to  4  tons  of  ore, 
depending  on  the  natiiral  iron  grade,  are  required  to  produce  one  ton  of 
concentrate. 

The  grade  of  the  ore  is  far  from  being  the  only  factor  of  importance 
in  assessing  the  value  of  an  ore.   Its  physical  texture  and  the  nature  and 
proportion  of  impurities  (silica,  alumina,  magnesia,  lime,  sulfur,  and 
phosphorus,  vanadium,  sine,  copper,  and  arsenic)  are  of  vital  importance. 
Physical  texture  affects  mining  and  preparation  costs.  Blast  furnace 
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EXlirBTT  7 
ECOIIOHICG   OF  IRON  Orj']  DKVELOPI-IEWT  CIIECIOilST 


I,     lUsSERVIsS  —  Exploration  Drilling  and  Geological  Interpretationa 

A,  Quality 

1,  Natural  Fe 

2,  Deleterious  elements 
3»  Moisture  and  volatile 

4.  Concentratability 

a.  Grindability 

b.  Separatability  —  Oxides  or  complex  silicates,  carbonates 

B,  Quantity 

1,  Tonnage  of  crude  ore 

2.  Volione  of  waste  material 

II,   MINDJG  PLAl'I 

A,  Development  Drilling 

B,  Stripping 

1,  Overburden  —  glacial  cind  sedimentary  till 

—  rock 

2,  Drilling  and  blasting 

5.  Shovels  and  haulage 

C,  Production 

1.  Drilling  and  blasting 

2.  Ore  production 

a.  Shovels 

b.  Haulage  —  trucks 

—  rail 

3.  Lean  ore 

a.  Shovels,  haulage,  stocking 

4.  General 

a.  Access  roads 

b.  Drainage 

c.  Service  Facilities 

d.  Power  costs 

III.  BSIIEFICIATION  PLAl'I 

A.  Crushing  and  screening 

B.  Grinding 

C,  Separation  —  classifiers,  cyclones,  fine  screening,  magnetic 
separation,  spirals,  flotation,  thickeners 

D,  Waste  disposal 

E.  Agglomeration 

F,  General 

1,  Material  handling 

a.  Mechanical  conveyors 

b.  Hydraulic  —  pumps  and  piping 

2,  Water  availability  and  costs 

5.  Power  availability  and  costs 
4.  Thermal  availability  and  costs 
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EXJIIBIT  7  (cont.) 

IV,  ITl/UISPORTATION 

A,  Product  Gtockinc  and  load-out 

B,  Rail  availability  and  costs  (tariffs) 

C,  Pipeline  potentials  and  costs 

V.   SOCIOLOGICAL  COSTS 

A,  Tovmsites 

1,  Housing 

2.  Services  —  roads,  utilities,  recreation 

B,  Taxes 

1.  Local 

2.  State 

5.  National 

C,  Environmental  Aspects 

1,  Pollution 

a.  Air 

b.  V/ater 

c.  Sound  —  blasting,  crushing,  etc. 

2,  Surface  Reclamation 

a.  Back  fill  and/or  grading 
b«  Revegetation 
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efficiency  is  affected  alno.  Most  impurities  have  to  be  romovod.  The 
oxidation  of  these  impurities  and  the  production  of  molten  slag  requires 

a  great  deal  of  heat. 

The  geological  aspects  of  an  ore  appraisal  must  rest  on  a  series  of 
plausible  assumptions  concerning  the  underground  geology  of  the  district 
containing  the  deposit.  Some  of  the  assumptions  are  liable  to  be  proved 
inaccurate  in  the  event  of  fuller  exploration  and  prospecting.  However 
skillfully  a  geologist  performs  his  task  in  estimating  iron  ore  reserves, 
even  from  a  purely  geological  vie^7point,  at  the  end  of  his  search  only  a 
rough  estimate  qualified  by  many  uncertainties  can  possibly  be  produced. 
The  margin  of  error  inherent  in  a  preliminary  geological  investigation  is 
too  great  for  a  mining  company,  which  will  always  insist  on  a  series  of 
mining  tests  and  more  positive  information  before  it  commits  itself  to  an 
investment  in  mining  plant,  transport  facilities,  and  the  like.  Such  tests 
are  costly  and  can  only  be  justified  by  the  intention  of  a  mining  compajiy 
to  initiate  exploration. 

Based  on  the  market  price  for  ore  aJid  existing  freight  rates,  it  is 
possible  to  suggest  the  range  of  prices  that  the  ore  will  comnajid  at  the 
mine.  This  would  then  indicate  the  maximum  level  of  costs  that  the  mining 
venture  must  be  below  in  order  to  show  some  profit. 
Iron  Ore  Beneficiation 

Tlie  purpose  of  iron  ore  beneficiation  is  to:  a)  increase  the  present 
iron  content,  b)  remove  impurities,  c)  promote  self  fluxing,  and  d)  to  alter 
the  physical  properties  such  as  particle  size  and  porosity.  Host  ore 
preparation  takes  place  close  to  the  mining  area  unless  the  cost  of  energy 
is  excessive  there. 
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Tho  consumption  of  col:c  in  producinfj  pip  iron  depends  on  the  quality 
of  the  iron  ore.  The  liiglier  the  grade  of  ore,  the  Iocs  coke  is  needed. 
Since  coal  availability  and  costs  are  becoming  increasingly  critical,  this 
reduction  is  important.  Proper  bcneficiation  also  promotes  blast  furnace 
productivity.  Shipping  tonnages  and  costs  are  also  reduced  since  1,5  tons 
of  ore  are  reduced  to  one  ton  of  pellets.  The  haulage  is  physically  easier 
also.  Pellet  quality  doesn't  degrade  during  shipping  and  storage  as  ore 
does.  Also,  pellets  don't  freeze  together  in  the  winter  because  of  their 
low  water  content. 

Exhibit  8  shov;s  the  existing  U.S.  and  Canadian  pellet  plants,  Esdiibit  9 
shows  additional  plants  that  are  xinder  construction. 

The  average  plant  produces  5  million  tons  per  year.  The  smallest 
plants  are  slightly  -under  1  million  tons  per  year.   Investment  costs  are 
presently  in  the  range  of  $45-S50/ton  of  annual  output.  The  energy  require- 
ments are  ,5  to  1  million  BTU  per  long  ton  of  fuel  heat  plus  16-22  kwhr, 
of  electricity.  The  pelletizing  energy  consumption  ratio  is  roughly  1  to 
10  in  comparison  with  direct  reduction.  Pelleting  plants  do  not  require 
as  much  energy  to  produce  the  65/o  grade  final  product  as  the  direct  reduc- 
tion processes  require  to  produce  its  30%  plus  grade  product. 

Direct  Reduction 

Direct  reduction  is  an  alternate  processing  method,  Exiiibit  10  clas- 
sifies the  direct  reduction  processes.  The  two  main  methods  are:  l)  reducing 
by  coal  and  2)  reducing  with  natural  gas.  These  processes  require  from 
12-15  million  BTU  per  net  ton  along  with  considerable  electrical  power, 
(35-122  Icwh/net  ton).  This  means  about  12-15  thousand  cubic  feet  of  natural 


EXHIBIT  8 
COirraJl'^KTAL  PELLL-TIZTNG  CAPACI'IT 
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Location 


Ore 


Capacity 

(million 

Itpy) 


Erie  I'dninc  Co. 
Reserve  liininc  Co, 
U.S.  Steel  Corp.  (Kinntac) 
Butler  Taconite 
National  Steel  Pellet  Plant 
Eveleth  Taconite  Co, 
Hanna  Alining  Co.-Groveland 
Fiarquette  Iron  Mining  Co. -Republic 
Humboldt  I'lining  Co, 
Pioneer  Pellet  Plant 
Empire  Iron  Mining  Co, 
Keramec  Mining  Co. 
Pilot  Knob  Miining  Co. 
Jackson  County  Iron  Co. 
Bethlehem  Steel  Corp. -Grace 
Cities  Service  Co. 
ICaiser  Steel  Corp. 
U.S.  Steel  Corp. -Atlantic  City 
Total  U,S, 

Iron  Ore  Co,  of  Canada-Carol 

Iron  Ore  Co,  of  Canada-Sept.  lies 

Vfebush  Mines 

Steep  Rock  Iron  Mines  Ltd, 

Caland  Ore  Co.  Ltd. 

National  Steel  Co.  of  Canada 

Hilton  Mine 

International  ilickel  Co.  of  Canada 

Marnoraton  Mining  Co. 

Griffith  mine 

Sherman  mine 

Adams  mine 

Total  Canada 

Las  Encinas  SA  (Alzada,  Col.) 

Total  North  America 


Minn, 

Minn, 

Minn, 

Minn, 

Minn, 

Minn, 

Mich. 

Mich. 

Mich. 

Mich. 

Mich, 

Mo. 

Mo. 

Vis. 

Pa. 

Tenn, 

Cal. 

Vfyo. 


M 

M 

M 

M 

M 

M 
M-H 

H 

H 
H-Mia 

M 

M 

M 

M 

M 

P 
M-H 

M 


10.5 

10,8 

12,0 

2,6 

2.8 

2,4 
2,1 

2.5 
0,9 

1.6 

5.5 

1.8 

1.0 

0.75 

1.5 

0.9 

2.8 

2-1 


61.75 

Nfld. 

H-M 

10.0 

Que. 

H-I^G 

6.0 

Que. 

H-M 

6.0 

Ont. 

G-H 

1.0 

Ont. 

G-H 

1.2 

Ont. 

M 

0.65 

Que. 

M 

0.87 

Onte 

P 

0.8 

Ont. 

M 

0.45 

Ont. 

M 

1.5 

Ont, 

M 

1.1 

Ont. 

M 

1.1 
50.67 

Mexico 

M 

1.1 

95.52 


Legend:  M  -  magnetite;  H  -  hematite;  M-a  -  raarlite;  G  -  goethite;  L  -  limo- 
nito;  P  -  pyrite  or  pyrrhotite. 

Source:  Engineering  and  MJLning  Journal,  November,  1974. 
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EXHIBIT  9 
IIEW  OXIDI')  IRON  ORE  PELLETIZUJG  PLAIITS  UirOER  COIISTRUCTION 


Location 

Investment 
(million:;;) 

Start 
Up 

Capacity 
(million 
Itpy) 

Inland  Steel  Co,  (I'dnorca) 

Minn. 

$  90 

1978 

2.6 

Minntac  (U.S. Steel  Corp.) 

Minn, 

200 

1978 

6,0 

Eveleth  Taconite  Co. 

Minn, 

150 

1976 

5.6 

Hibbing  Taconite  Co. 

Minn, 

150 

1976 

5.4 

National  Steel  Pellet  Plan- 

t  Minn. 

150 

1977 

4.2 

Total  Minnesota 

$740 

21.8 

Tilden  Ilining  Co. 

Mich. 

$190 

1974 

4.0 

Empire  Iron  Mining  Co. 

Fiich. 

67 

1975 

1.8 

Total  Mchigan 

$257 

5.8 

Altos  Komos  de  Mexico  SA 

La  Perla, 
Chih. 

$  10 

1974 

0,6 

Fena  Colorada 

Hanzanillo,   52* 

1975 

1.5 

Col. 

Fundidora  Konterrey  SA 

Monterrey, 
N.L, 

25 

1976 

1.5 

Sicartsa 

Las  Truch£ 

is   70 

1976 

2.0 

Total  Mexico 

$157 

5.6 

Total  Expansion 

$1,154 

53.2 

*Engineering  and  Mdning  Joiimal  estimate. 

Source:  Engineering  and  Mining  Journal,  November,  1974« 
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LDQIIBIT  10 
Dirj'^T  RI'2)UCTT0N  PROCESSES 


Carbon  as  reducing  element  (coal) 
Rotary  furnace 

SL/RN  process 
Shaft  furnace 

Hydrocarbon  as  reducing  element  (natural  gas) 
Fixed  reactor 

HyL 
Shaft  furnace 

Midrex 

Purofer 

Armco 
Pluidization  plants 

Ku-Iron  (U.S.  Steel) 

Novalfer 

Esso  FIOR 

H-Iron 
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gas  is  needed  to  produce  one  ton  of  reduced  ore.  Most  plants  are  in  the 
50,000  -  500,000  metric  tons  per  year  size  so  tremendous  amounts  of  cheap 
natural  gas  are  required. 

Exhibit  1]  shows  the  location  of  existing  and  planned  plaints.  Seven 
are  now  in  operation  or  on  order  in  the  U.S.  and  Canada,  Five  additional 
plants  are  under  consideration. 

Commercial  interest  in  direct  reduction  has  quickened  recently  due  to 
a  combination  of  factors.  The  technology  has  reached  a  stage  where  there 
is  evidence  that  the  processes  may  be  economically  and  technically  efficient. 

The  Armco  Steel  Corporation  at  the  Houston  Works,  with  100%  of  its 
melting  capacity  provided  by  electric  furnace^  reports  that  its  direct 
reduction  unit  is  operating  at  design  capacity  and  that  it  is  studying  the 
economics  of  installing  similar  models  at  its  other  steel  producing  plants. 
With  electric  melting  capacity,  Armco  has  been  badly  hit  recently  by  soaring 
scrap  costs.  The  Armco  direct  reduction  process  uses  natviral  gas  as  a 
reductant  and  produces  pellets  of  about  92/o  metalization.  The  natural 
gas  consumption  with  a  heating  value  of  922  BTU/ton  averages  13,288  standard 
cu  ft/ton  of  direct  reduced  pellets  (l2.5  x  10  BTU/ton  with  an  average 
pellet  output  of  43 • 8  ton/hr,).  Electric  power  consumption  is  30  kwhr/ton, 
power  supplied  at  440  v,  3-phase  60  Hz,  Total  steam  requirements  are  130,000 
Ib/hr,  Water  requirements  can  vary  depending  on  the  price  and  availability. 
Make-up  water,  at  present,  is  running  about  86,5  cu  ft/ton  (65O  gal). 
Excluding  raw  material  and  financial  charges,  the  conversion  cost  is  $8,24/ 
ton,  althougli  the  natural  gas  cost  greatly  influences  this  figure.  Capital 
cost  for  a  300,000  ton  per  year  plant  is  estimated  in  the  neighborhood  of 


i* 
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EXHIBIT  11 

NORTH  AI-3':RICAN  SURVnT  ■—  DIRECT  REDUCTION  PLAINS  FOR  IRON  ORES 

Direct  Reduction  Plants  In  Operation  and  On  Order 
(as  of  December  1974) 

Location  Status*  Process   Start  ^^^^^   Capacity 

(mtpy) 

Armco  Steel,  Houston,  Tex, 

Korf  Steel,  Georgetovm,  S.Car. 

Gilmore  Steel,  Portland,  Ore, 

Hecla,  Casa  Grande,  Ariz, 

Sidbec  1,  Contracoeur,  Can, 

Stelco,  Bruce  Lake,  Can, 

Sidbec  2,  Contracoeur,  Can, 

Direct  Reduction  Plant  Projects  Under  Consideration 
(as  of  December  1974) 

Korf  Steel  2,  Georgetown,  S,  Car,D  500,000 

SovereigTi  Industries,  Ariz,  E  400,000 

Ipsco,  Saskatchev/an,  Can.  D  420,000 

Lasco,  \'/hitby.  Can,  E  300,000 

Steep  Rock,  Lake  St,  Joseph,  Can,E  1,200,000 

Govt,,  Trinidad  &  Tobago  C  800,000 

*Status:  A  -  in  operation;  B  -  on  order;  C  -  letter  of  intent;  D  -  advanced 
planning  stage;  E  -  under  study. 

Source:  Engineering  and  Mining  Journal,  January,  1975. 


A 

Armco 

1973 

330,000 

A 

Midrcx 

1971 

350,000 

A 

Midrex 

1969 

300,000 

B 

sl/rn 

1975 

65,000 

A 

Kidrex 

1975 

350,000 

B 

sl/rn 

1975 

360,000 

B 

llidrex 

1976 

600,000 
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$25  million.  A  complete  plant  excludinc  ore  yard  but  including  ore  process 

equipment,  clarification  equipment  and  cooling  towers  requires  74»000  sq.ft. 

Armco  Steel  also  has  been  holding  talks  with  numerous  steel  firms  on 

licensing  of  their  direct  reduction  process.  On  an  annual  basis  tlic  major 

requirement  to  operate  a  Montana  operation  v/ould  be  as  follows: 

Annual  l-^er^;:/  and  Water  Requirements  for  a  Direct  Reduction  P]  ant 
(300,000  Tons  of  Pellets/Year  Output) 

Manpower      50-100  men  (mining  and  reduction  plant) 

Natural  gas    3.6  x  10  cu, ft. /year 

Electricity    9  x  10  kw   hr./year 

(440  V  -  3  phase  60  Hz) 

Make-Up  V/ater  1.95  x  10^  gallons/year  (60  CFIl) 
New  Technology  to  In-prove  Bconomics  of  Iron  Ore  Beneficiation 
Commercialization  of  the  iron  ore  pelletizing  process  and  construction 
of  large  pelletizing  plants  has  over  the  past  20  years  been  the  most  obvious 
technical  advance  in  iron  ore  processing.  Now,  after  many  yeaxs  of  research 
and  development,  direct  reduction  of  iron  ore  is  capturing  a  grov/ing  share 
of  the  capital  being  invested  in  ore  processing  plants.  Other  important 
research,  directed  at  fuel  economization  at  pelletizing  plants  and  separa- 
tion of  iron  from  nonmagnetic  taconites,  may  hold  the  key  to  future  technical 
breakthroughs  by  the  iron  ore  industry. 

One  problem  in  achieving  projected  demand  for  reduced  iron  ore  is  the 
prcfduction  of  pellets  or  ore  of  adequate  quality  to  feed  direct  reduction 
facilities.  Gangue  limitations  for  such  plants  (SiOp  +  AlpO,)  fall  below 
3%»  while  U.S.  pellet  production  currently  averages  about  6.6?;d  gangue  and 
Canadian  production  more  than  5/o»  About  95%  of  U.S.  ore  and  pellet  produc- 
tion is  imacceptable  for  direct  reduction.   Unless  an  economic  beneficiation 
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method  of  reducing?  these  ganguc  percentages  is  developed — maf^etic,  flota- 
tion, or  otherwise — foreign  ores  must  of  necessity  provide  the  major  source 
of  feed  for  future  North  American  direct  reduction  plants. 

Worries  over  the  availability  of  natural  gas  for  pellet  plants  have 
sparked  testing  of  fuel  alternatives  for  concentrates  produced  in  Minnesota, 
Michigan,  western  Ontario,  Missouri,  and  elsewhere.  There  is  a  very  real 
possibility  that  natural  gas  supplies  will  he  inadequate  to  support  budgeted 
expansion  programs,  and  supplies  may  well  become  interruptible  for  current 
installed  capacity.  The  obvious  solutions  lie  in  Bunker  C — now  used  by 
pelletizers  on  the  Labrador  Trough  and  Cleveland  Cliffs'  new  Tilden  plant, 
and  an  alternative  option  in  Missouri — or  sub-bituminous  coals  or  lignites 
of  v/estem  origin — the  Dakotas,  Montana  and  V/yoming, 

The  future  of  direct  reduction  is  indeterminate.  There  are  no;;  four 
direct  reduction  plants  (operating  and  under  construction)  in  the  U.S., 
whereas  most  scrap-deficient  steelmalcing  countries  do  not  seem  to  be  in  any 
hiirry  to  install  any  one  of  the  direct  reduction  processes.  One  can  only 
assume  that  many  steelmakers  are  not  yet  sufficiently  convinced  to  take 
on  the  problems  and  xuicertainties  of  breaking  in  new  production  facilities 
while  they  are  able  to  acquire  their  iron  from  existing  sources.  Those 
plants  that  are  operating  have  been  built  to  satisfy  local  conditions  that 
have  no  other  logical  or  economical  solution. 

The  application  of  any  direct  reduction  process  to  a  particular  iron 
oxide  should  be  preceded  by  an  extensive  test  program  to  develop  the  operating 
characteristics  and  costs.  There  is  not  yet  sufficient  background  informa- 
tion available  on  the  processing  of  a  wide  variety  of  iron  oree  to  allow 
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the  desicn  of  a  commercial  plant  without  a  test  profpram.  Such  a  pro^jram 

should  develop  not  only  the  reduction  parameters,  but  should  result  in  a 

sufficient  quantity  of  metallized  iron  for  steelmakinc  tests, 

ProccssiniT  of  Other  Ra.w  I'aterials 

The  three  major  other  raw  materials  that  must  be  processed  are  scrap, 
limestone  (and/or  dolomite),  and  coal.  Processing  of  the  scrap  v/ould  not 
present  a  problem.  Scrap  would  need  to  be  sorted,  cut  to  useable  size, 
aJid  in  some  cases  compacted.  Processing  the  limestone  could  also  be  accom- 
plished. Preparation  of  the  limestone  by  crushing  as  well  as  lime  production 
are  both  within  the  capability  of  the  State  at  present.  Coal  processing 
presents  a  problem  since  no  suitable  coking  coal  fields  have  yet  been 
developed  in  the  State,  The  present  methods  of  processing  also  create 
serious  air  pollution  problems,  A  new  process  called  formed  coke  is  under 
development,  however.  This  new  method  promises  not  only  to  be  much  cleaner, 
but  also  has  the  potential  of  using  coal  that  was  previously  unfit  for  coking. 

Six  processes  are  currently  under  development.  The  follovdng  exhibit 
shows  these  processes: 

Processes  Under  Develonment 

Formed  Coke  Method  Type  of  Process 

Bergbau  Forschung  (B3F)  Process  Hot  char  bonded  with  coking  coal 

Pt-iC  Process  Coal  bonded  with  tar  or  pitch 

Sumitomo  Process  Coal  bonded  with  tar  or  pitch 

Consol-BNR  Process  Hot  char  bonded  with  coking  coal 

Auscoke  (BHP)  Process  Coal  bonded  with  tar  or  pitch 

Saposhnikov  Process  (USSR)  Coal  bonded  with  pressure  alone 

After  more  than  10  years  of  developmental  and  pilot  plant  work,  the  MIC  and 

Consol-BIIR  processes  give  promise  of  approaching  commercial  operation.  If 

direct  reduction  were  used,  the  coking  operation  would  bo  eliminated. 
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V.   GTRRL  MTT,L 

StoGlmal'.inf:;   Proconr.  Altomatives 

Two  basic  process  confi^rations  arc  likely  candidates  for  a  Montana 
based  industry.  Each  of  these  alternatives  will  be  explained.  The  require- 
ments for  each  configiiration  will  be  discussed, 

A.  The  first  alternative  consists  of  the  follov/inc  process: 

1,  Coke  plant 

2,  Blast  furnaces 

5.  BOr*/Continuous  Casting  Plant 

4,  Finishing  Mills  for  plate,  bars,  and  sheet 
Considerable  economics  of  scale  exist  with  this  process  choice.  The  Coke 
plant/Blast  furnace  combination  requires  at  least  a  1,0  million  ton  per  year 
output  to  be  competitive.  The  BOF/Continuous  Casting  plant  needs  to  be 
balanced  with  the  capacity  of  the  blast  furnace.  If  another  source  of  hot 
metal  such  as  direct  reduction  were  used,  however,  a  smaller  BOF/Continuous 
Casting  volume  would  be  economical.  This  scaling  down  would  not  adversely 
affect  costs.  In  addition,  the  operational  simplicity  is  a  distinct  advan- 
tage for  an  inexperienced  management  and  labor  force. 

This  process  configuration  would  require  approximately  the  following 
materials,  energy,  manpower  and  investment  for  one  million  tons  per  year 

output :  r 

Iron  ore  pellets  (tons)         1,27  x  10 

Coal  (tons)  .71  x  10 

Lime  and  Limestone  (tons)        ,25  x  10 

Scrap  (tons)  ,31  x  10 

Water  (gallons)  65  x  10^  (17,500  CFIl) 


*Basic  Oxygen  Furnace 
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Power  (kv;  hrs.) 

551  X  10^ 

Natural  gas  (cubic 

feet) 

6  X  10^ 

0x3' con  (tons) 

.07  X  10^ 

Fuel  oil  (gallons) 

22  X  10^ 

Man  power 

6000  people 

Investments 

$755  million 

B,  Tlie  second  alternative  would  consist  of:  « 

1,  Electric  fvimace  plant 

2,  Continuous  billet  casting 
5»  Merchant  bar  and  rebar  mill 

This  configuration  is  called  a  "mini  steel  mill"  emd  is  very  common 
in  the  U,S,  Tliey  usually  operate  in  areas  where  there  is  a  surplus  of  scrap 
and  electrical  power  is  available  and  cheap.  Most  mini  mills  are  privately 
held  and  no  public  accounting  is  made.  Therefore  detailed  analysis  is  not 
possible.  However,  most  are  doing  relatively  well  when  compared  to  other 
steel  producers. 

This  type  of  plant  has  a  number  of  advantages.  Some  of  them  are: 

1,  Tight  specifications  are  attainable  on  finished  products. 
Its  outstanding  process  control  allov/s  almost  any  grade 
or  composition  of  steel  to  be  made  including  stainless, 

2,  Plants  with  relatively  small  tonnages  are  still  economical 
and  competitive. 

The  electric-arc  furnace  is  the  most  economical  steel  producing  method 

when:     1,  Steel  production  requirements  are  insufficient  to  justify 
the  use  of  a  blast  furnace, 

2,  There  is  high  steel-scrap  availability  but  at  a  distance 
from  natural  sources  of  coke,  limestone,  and  high  grade 
iron  ores, 

5,  Steel  production  requirements  are  intermittent  or  must  be 
supplied  within  controlled  time  limits. 
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Continuous  caotinc  haa  lov/or  investment  and  opcratin/j  costs  than  alterna- 
tive processes,  Tliis  is  especially  true  when  small  tonnages  are  bein^  produced. 
It  is  also  possible  to  continuous  cast  stainless  steel.  l/css  scrap  is  produced, 
(4/0  vs,  !&/■)  with  infiots),  less  space  is  needed,  finished  product  processing 
requires  less  rolling,  and  quality  is  at  least  as  good  as  alternative  methods, 

Canada  has  successfully  adopted  this  steelmaking  method.  The  Vfestem 
Canadian  portion  of  the  industry  consists  of  a  number  of  relatively  small 
plants,  using  scrap  metal  as  a  raw  material  and  producing  steel  mostly  in 
electric  furnaces.  The  rolling  mill  products  of  these  western  plants  relect 
mainly  the  composition  of  regional  demand — merchant  bars,  reinforcing  bars, 
light  structures,  and  rods. 

Based  on  a  planned  output  of  150,000  tons  per  year  the  yearly  require- 
ments of  raw  materials,  energy,  manpower,  and  investment  would  be: 

Scrap  (Home)  21,800  tons 

Scrap  (Purchased)  168,200  tons 

Ferro  alloys  1,500  tons 

Lime  6,600  tons 

Fluorspar  260  tons 

Coke  1,560  tons 

Water  Total  Kake-up  2,55  x  10^  gallons  (656  CFI-l) 

O 

Power  1,2  X  10  k\vr  hrs  ( 16,000  KVA  peak  usage) 

Hanpov/er  6OO  people 

Investment  $208/ton  of  finished  product  capacity 

Total  Investment:  Fixed  assets     $31»265  million 

Working  Capital  $6,85  million 

The  electric  furnace  can  use  direct  reduced  ore  instead  of  scrap  as 

its  source  of  iron.  Enough  prereduced  iron  has  been  used  in  electric  arc 

fximaces  to  remove  any  doubt  regarding  its  effectiveness,  both  in  batch 

feeding  ajid  in  continuous  feeding. 
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Cost  Compar j  nons 

The  costs  of  the  two  basic  stool  mill  alternatives  will  now  be  demon- 
strated. Exhibit  12  shows  the  estimated  construction  costs  of  a  typical 
mini -mill  operation,  A  comparison  with  a  larger  mill  is  as  follov/s: 

Mini-Mill         Lar^o  Hill 
Cost/ton  $208/ton  of  capacity  S735/ton  of  capacity 

Yearly  output  150,000  tons       1  million  tons  min. 

Total  Facilities  Investment     $31.2  million        $735  million  min. 

The  production  costs  estimates  for  the  tv/o  alternatives  are  shovm  in 
Exhibit  13.  Because  the  large  plant  produces  a  different  product  line  and 
mix  of  products,  its  sales  price/ton  is  higher. 

Preferred  Plant 

The  electric  furnace,  continuous  billet  casting  and  a  rolling  mill 
alternative  is  better  adapted  to  a  Montana  location  than  the  larger  alter- 
native. The  major  equipment  needed  is: 

Electric  Furnaces      T\^fo  40/ton  (l4-ft  diameter)  with  16,000 

KVA  transformers,  2  hr  50  min  tap-to-tap 
cycle. 

Continuous  Caster      One  2-strand  machine. 

Merchant  Bar  &  Rebar   One  l6-stand  continuous  mill  with  one 
Mill  50-60  tph  billet  re-heat  furnace. 

The  mill  would  produce  150,000  tons  of  common  merchant  bar  and  50,000 
tons  of  reinforcing  bar.  This  is  15/o  of  the  market  in  the  Western  U.S. 
regions  (excluding  California).  Exhibit  I4  shows  a  flow  diagram  of  the 
annual  material  flow. 

There  have  been  more  than  40  such  works  built  in  the  U.S.  in  the  last 
ten  years.  These  v/orks  make  a  habit  of  melting  by  night  when  power  is  cheap 
and  rolling  by  day. 
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EXHIBIT  12 

CONSTIiUCTIOII  COGT  ESTII4ATE  -  I-UMI  HILL 


Thousand  Dollars 
Material  Handling;  Facilities  $   635 

Electric  Furnace  Plant  4»445 

Continuous  Casting  4»191 

Bar  and  Rebar  Mill  10,l60 

General  Plant  635 


Total  Direct  Costs  $20,066 

Contractor's  Field  Overhead,  Plant  and  Profit  1*505 

Sub  Total  $21,571 

Engineering,  Supervision  and  Procurement  2,157 

Sub  Total  $23,728 

Contingency  2,373 

Total  Design  and  Construction  $26,101 

Escalation  5»131 


Sub  Total  $29,233 

Spare  Parts  254 

Start-up  Costs  1,778 


Total  Project  $31,265 
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EXHIBIT  13 
TYPICAL  PROCESSIIIG  COST  SUI-:i'lARY 


Cost  Categories 


Mini- 

-Plant 

TflTge  1 

i-'dll 

3/1  IT* 

% 

$/UT* 

% 

s  57.15 

27% 

S  10.00 

6% 

20.50 

12.5% 

10.00 

6% 

1.00 

.7% 
27.7/0 

50? 
$  45.85 

2% 

S  58.13 

26.5% 

4.42 

5.2/0 

13.18 

9.6% 

6.08 

%  49.95 

3.7% 

$  55.75 

40.5% 

30.2% 

27.44 

20.0?o 

40.17 

24.5% 

S83.17 

60.5% 

s  90.00 

54.5% 

$  46.83 

34.0^^ 

S  65.16 

59.5% 

$130.00 
7. 80 

94.5% 
5.5% 

S155.16 
9.50 

94.0% 

6.0% 

Scrap 

Pellets 

Coke 

Other  Materials 

Total  r^terial  (Delivered) 

Electric  Furnace  Power 

Electric  Furnace  Processing 

Blast  Furnace  Processing 

Total  Liquid  Ketal  Cost 
(I'iaterial  &  Processing) 

Additional  Processing 

Cost  of  Manufacturing 
Finished  Steel 

Capital  Charges,  Profit, 
Taxes,  etc. 

Price  F.O.B.  Plant 
Frei^t 

Delivered  Price  including      .     ^     ^^^^  ,^     ^^^   ^ ^         ^OO^qo/, 
Frei^t 


*S/l'T  =  Dollars  per  net  ton  of  finished  product. 
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A  major  steelworks  requires  a  large  niimbcr  of  ancillary  workers:   such 
a  plant  is  usually  equipped  with  engineerin/j  shops,  transport  divisions, 
mobile  equipment  shops,  personnel  departments,  research  and  development, 
canteen  and  other  non-productive  staffs.   In  a  small  plant,  it  is  almost 
certain  that  there  will  bo  found  many  Jacks-of-all-trade  turning  their  hands 
to  anything.   It  is  almost  certain  that  there  will  be  virtually  no  personnel 
department,  no  training  department,  no  research  labs,  so  that  on  paper 
it  can  be  expected  that  a  raini-steelworks  will  have  lower  non-productive 
labor  costs  compared  with  a  large  works. 

At  the  bottom  of  any  cost  sheet  is  an  item  for  overheads.   It  has 

already  been  mentioned  about  the  question  of  overheads  on  the  personnel 

side,  but  central  research  and  development,  advertising,  overseas  agents, 

chaxitable  contributions  and  items  of  this  nature  v/ill  also  not  figure  in 

many  of  the  rainiworks  devoted  to  making  reinforced  concrete  bars  only  for 

a  very  limited  market,  Hiniworks  based  on  the  local  market,  with  no  export, 

are  going  to  have  a  lower  working  capital  than  their  big  brother  shipping 

bars  long  distances.  The  following  table  shows  a  summary  of  some  advantages 

and  disadvantages  of  a  miniworks, 

Siunmary  of  Advanta/res  and  Disadvantages  of  Miniworks 
Advantages  Disadvantp.ges 

Uses  simple  standard  equipment        Depends  on  scrap  as  raw  material 
Early  return  on  capital  Sensitive  to  power  costs 

Low  transport  costs  r     Limited  range  of  products 

Flexibility  in  meeting  orders 
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Financial  Analysin  of  the  Prcfcrrnd  Plant 

The  anticipated  cash  flov/s  from  the  mini-mill  axe  shown  in  Exhibit  15. 
Construction  costs,  spare  parts  costs  and  owner's  costs  were  spread  over 
the  period  of  construction,  the  schedule  of  which  indicated  that,  with 
engineering  starting  in  raid-1979  and  initial  work  in  the  field  starting  in 
September  of  that  year,  the  plant  could  start  operations  in  mid-1981. 

Working  capital  requirements  were  estimated  to  total,  when  full  produc- 
tion v/as  reached,  about  $6,85  million.  The  expected  start-up  curve  indicated 
that  only  about  22>o  of  annual  plant  capacity  could  be  produced  in  the  last 
half  of  1981,  and  this  v;as  estimated  to  be  all  re-bar;  in  1982,  production 
of  all  products  was  expected  to  pick  up  to  80%  of  capacity  and  full  produc- 
tion should  be  reached  in  1983.  Revenue,  production  costs  and  start-up 
costs  were  calculated  on  this  basis. 

Selling  and  administrative  expenses  were  estimated  to  be  105o  of  sales 
revenue.  Proper  allowances  were  made  for  property  taxes  and  calculated 
insurance  costs  on  only  about  90/o  of  the  valuation  of  the  plant.  Depreciation 
v/as  assumed  on  an  18-year  SOYD  basis. 

The  operating  loss  in  the  first  year  was  carried  forward  and  taxes  began 
to  be  paid  in  198%  Payout  occurred  in  1990,  the  tenth  year  of  operations 
and  the  twelfth  year  of  the  project.  Allowing  no  salvage  value  on  the  plant 
after  it  had  been  fully  depreciated,  return  on  investment  v/as  calculated  as 
about  8%, 

All  cost  calculations  are  based  on  actual  or  estimated  1975  prices. 
Construction  and  equipment  costs  were  estimated  based  on  historical  trends. 
Operating  costs  were  obtained  from  current  market  quotations  and  established 
reports  on  materials,  labor,  ajid  pov/cr. 


55 


CO 
CO 
crs 


CO 


vo 

CO 
OS 


CO 
CJN 


CO 
ON 


CO 


CNJ 

CO 

c:^ 


CO 


o 

CO 

ON 


ON 
C7N 


O 
CM 

UN 

CO 


o 

CM 

C7N 
CO 


O 
CM 

ON 


CM 

1-1 
r— 

CO 


CM 


CO 


CM 


00 
rH 


CO 

ITN 

CO 

o 

tf\ 

KN 

CM 

VO 

LTN 

a) 

IP> 

CJN 

r- 

r-\ 

ON 

CTN 

f<\ 

NN 

vn 

^ 

VD 

CO 

vr 

\r\ 

rH 

CJN 

H 

CM 


iH  -^ 


CM 


CNJ 


rH 


CO 

IfN 

00 

o 

VO 

ON 

ON 

o 

VD 

MD 

KN 

CM 

^ 

ITN 

V£) 

CM 

^ 

CO 

MD 

"* 

l/^ 

CTN 

t— 

rH 

r-\ 

ITN 

'^J- 

o 

r-\ 

CNJ 

CM 


CM 


CNJ 


CO 

ITN 

00 

O 

ON 

NO 

CTN 

t— 

ON 

NO 

KN 

CNJ 

\o 

tr\ 

^ 

^ 

'^ 

(JN 

"^ 

^ 

u-\ 

ON 

C- 

rH 

tOi 

ro, 

hTN 

CTN 

KN 

KN 

NO 

o 

'=^ 

T-< 

CM 

KN 

*t 

•« 

■^ 

o 

(H 

^_^ 

y— ^ 

vo 

vo 

vj- 

iTN 

KN 

ITN 

CM 


CM 


CNJ 


CNJ 


o 

CM 

O 

CO 

ITN 

CO 

o 

CM 

KN 

CO 

UN 

CM 

t— 

r~ 

CM 

LTN 

rH 

KN 

CM 

vo 

UN 

KN 

VO 

"jj^ 

rH 

KN 

"vf 

5 

O 

CM 

r— 

UN 

ON 

r- 

r-\ 

UN 

rH 

CM 

ON 

UN 

■* 

CTN 

•k 

•« 

» 

•» 

•h 

«k 

•k 

•k 

•k 

«k 

•k 

•» 

ON 

CO 

o 

CvJ 

CM 

'^ 

OJ 

rH 

CM 

vj- 

■^ 

CO 

CM 

rH 

rH 

rH 

O 

CNI 

o 

CO 

ITN 

CO 

O 

UN 

o 

CTN 

,-{ 

UN 

VO 

VD 

CTN 

ITN 

r-< 

KN 

CJ 

vo 

UN 

1-^ 

CO 

^ 

KN 

rH 

'^r 

"* 

^ 

CM 

t— 

LTN 

ON 

t^ 

rH 

r— 

CTN 

r-\ 

CO 

t— 

UN 

UN 

KN 

« 

•k 

•* 

•« 

*» 

•V 

•k 

•* 

•t 

•k 

*k 

•s 

v» 

> 

ON 

CO 

o 

CM 

CM 

KN 

CM 

r-i 

CvJ 

^ 

^ 

KN 

4-* 

ou 

rH 

rH 

CM 

•*- 
r-{ 
•H 

o 

CM 

o 

CO 

LTN 

CvJ 

O 

ON 

CM 

'^ 

CO 

ON 

t^ 

O 

t^ 

UN 

-s 

ITN 

rH 

KN 

CM 

ON 

O-N 

ON 

r— 

'=t 

CM 

ON 

CVi 

UN 

t^ 

CTN 

Ct 

CvJ 

C— 

iTN 

ON 

iH 

rH 

CO 

KN 

<-\ 

CNJ 

CO 

rH 

VD 

'^ 

CO 

•rt 

•« 

•« 

•« 

•» 

•k 

•t 

V, 

•k 

•^ 

•k 

•» 

»k 

•k 

rH 

CTN 

CO 

o 

CM 

CM 

"^ 

x-\ 

K-N 

CM 

VD 

rH 

-^ 

r- 

CM 

r-{ 

rH 

' 

CvJ 

-P 

O 

O 

o 

O 

o 

CM 

O 

CM 

VD 

O 

CvJ 

CO 

'o" 

CO 

CvJ 

o 

r— 

o 

KN 

'^ 

ON 

UN 

CO 

VD 

CO 

"^t 

o 

^ 

r- 

OQ 

^ 

ON 

LTN 

ON 

K^ 

rH 

rH 

O 

r-^ 

o 

CM 

o 

OJ 

K\ 

•H 

•« 

•• 

•* 

•k 

•« 

•» 

•» 

«« 

•k 

•k 

•t 

A? 

KN 

^ 

rH 

VD 

CO 

KN 

H 

KN 

-^ 

^ 

CvJ 

-P 

CM 

r-\ 

^^' 

KN 

0) 

O 

C\J 

iTN 

CvJ 

iTN 

CNJ 

O 

UN 

O 

o 

UN 

UN 

UN 

o 

o 

O 

rS 

LTN 

"^J- 

CM 

CO 

CTN 

ON 

UN 

V£) 

CNJ 

VO 

UN 

VD 

o 

CM 

CM 

Tj 

CTN 

^ 

CO 

VO 

■^ 

rH 

rH 

CNJ 

•^ 

CM 

r-\ 

rH 

CM 

UN 

VD 

S 

•^ 

» 

•« 

•« 

•k 

^— • 

•k 

» 

«k 

^ 

■^ 

KN 

KN 

KN 

KN 

C^ 

r-{ 

o 

OJ 

T> 

%.x 

r-i 

KN 

Nfc^ 

%*.• 

0 

yr-^S 

y--^ 

^"•^ 

o 

o 

o 

O 

o 

o 

o 

CM 

CM 

rH 

• 

•• 

•* 

•s 

13 

•P 

i-l 

r-i 

CvJ 

O 

•H 
Xl 
0) 
M 

CVJ 

CvJ 

CM 

x:. 

"-^ 

^-^ 

■ 

-p 
o 

^^-^ 

^-^ 

^->. 

B 

O 

o 

O 

O 

Eh 

o 

o 

o 

CO 

ON 

ON 

ON 

•p 

•H 

M 

-p 

•H 

o 

A 

CO 

-p 

•H 
(=1 

-P 
C 
Q) 
B 
-p 
to 

Q) 

> 

#•4 

«n 

•H 

•JR 

c 

0) 

W 

O 

-P 

x-^s 

* 

13 

-vT 

o 

(0 

M 

u 

(V3 

UN 

Eh 

•H 

to 

ni 

Ph 

-p 

• 

^ 

Eh 

' 

o 

4^ 

-»: 

> 

0) 

>H 

bo 

(0 

CM 

s 

(U 

^ 

•H 

U 

tJ 

o 

H 

c 

•H 

CO 

M 

U 

■P 

<u 

a> 

rH 

(U 

•H 

c 

O 

^ 

0 

a 

& 

X 

rH 

(in 

j:; 

0) 
rH 

-s 

O 
•H 
rH 

m 

^1 

•H 

CO 

«M 

-P 

•H 

■H 

ri 

+3 

4-> 

3 

-i 

<U 

<U 

(D 

«H 

o 

fT^ 

•p 

^ 

CO 

w 

-p 

S 

d 

m 

■P 

<«: 

(1) 

a 

•H 

CO 

tn 

a; 

o 

-p 

o 

«i; 

o 

rt 

fH 

o 

& 

> 

rt 

o 

3 

o 

CO 

cd 

Eh 

•H 

u 

-p 

CO 

P< 

u 

•  • 

rt 

o 

CJ 

0) 

c 

o 
o 

<H 
P) 

°y 

>5 

O 

-p 

CO 

.^ 

S 

<H 

o 

rH 

o 

% 

> 

0) 

o 

•H 

p. 

1 

to 

t 

5 

•H 

o 

•H 

»S 

^i 

5 

o 

^ 

X 

> 

•H 

CO 

« 

-P 

t3 

•H 

Q) 

M 

0) 

G 

rH 

^ 

o 

rH 

e 

•H 

CO 

-P 

II 

o 

1 

rH 

P. 

g 

u 

(u 

nJ 

r^ 

cd 

Ph 

-p 

A! 

a 

(\J 

^^^ 

w 

p) 

^J 

CO 

rH 

O 

p. 

w 

M 

W 

(0 

h 

o 

rH 

Pi 

r^ 

o 

% 

(0 

o 

CO 

^ 

5 

^ 

-p 

0) 

-p 

xt 

•g 

^ 

^ 

H-> 

1 

s 

3JC 

U 

4J 

U 

0) 

(1> 

-'" 

-O 

cj 

C 

0) 

P 

en 

ui 

Ph 

CO 

o 

t; 

^ 

^ 

•< 

o 

M 

a 

o 

* 

c 
o 
o 


o 


o 


CO 


o 


1^ 


i 

M 


o 


ir%    CO 


•H 
(0 
0) 


CO 
CTN 
ON 


ON 


CTs 


ON 
ON 


CTS 
H 


ON 
ON 


ON 
ON 


o 

ON 
ON 


ON 

CO 

C!N 


o 

LP. 

rvj 

ON 


o 

lTN 
CM 

ON 
CM 


O 
ufN 
C\t 

ON 
CNJ 


O 

CM 

CTN 
C\J 


o 

iTN 
CM 

C!N 
CM 


O 
LTN 
CM 

C\ 
CM 


O 

LP\ 

CM 

ON 
CM 


O 

LfN 
CM 

ON 
CM 


O 

CM 

CTN 
CM 


O 

LTN 
CM 

CTN 
CM 


'J 

0) 
> 

w 

0) 
r-i 

rJ 
CO 


CM 
r-t 
t— 

CO 

rH 
CM 

r- 

CO 
iH 

CM 
rH 

r— 
CO 

rH 

CM 
r-{ 
t— 

•k 

CO 
r-H 

CM 
i-H 

r- 

CO 
r-H 

CM 
r-{ 
C— 

CO 

rH 

CM 

rH 
t-^ 

CO 
r-H 

CM 
r-i 

c— 

•k 

00 

r-H 

C\J 
rH 

CO 


CO 


w 

H-> 
W 

o 
o 

a 
o 

■H 

o 

o 

u 


CQ 
+> 
CO 
O 
CJ 

p< 
I 


-p 

CO 


to 

LTN 

CO 

o 

CM 

CM 

CTs 

KN 

CM 

ICN 

KN 

CM 

\D 

LPv 

iTN 

"J}- 

•^ 

ON 

UN 

"=1- 

UN 

On 

t~~ 

rH 

rH 

IfN 

UN 

ON 

rH 

r-i 

«« 

«« 

•« 

»t 

•> 

•« 

o 

CM 

VD 

KN 

C\J 

(<N 

r-i 

CO 

IfN 

CO 

O 

ir\ 

CTN 

CTN 

o 

UN 

UN 

NN 

CM 

vo 

LTN 

ro, 

LP> 

'^ 

rH 

trs 

'^ 

in 

CTN 

r— 

rH 

KN 

^n 

'^r 

ON 

H^ 

CM 

CO 
to, 

UN 


CM 


CO 

UN 

CO 

o 

roi 

CM 

VD 

UN 

UN 

CTN 

r~- 

l-i 

CM 


CM 


CM 


CM 


CM 


UN 
CM 
CJN 

«k 

CM 


C 
O 

•H 
•P 

rt 
u 
+^ 

CO 
•H 

c 

•H 


CO 


MD 


vn 


M3 


CM 


NN 


CM 


UN 


CM 


UN 


CM 


UN 


CO 

UN 

CO 

o 

^'^ 

CM 

\o 

UN 

UN 

ON 

t— 

rH 

CO 


O 

UN 


V£l 


O 
O 

CO 


ON 

CO 


CM 


CO 
0) 


S^ 

Eh 

c^J 

>5 

1^ 

•H 

(U 

rH 

p. 

rH 

o 

(1) 

u 

to 

p^ 

5 


o 

en 


C 
o 

•H 
HJ 
C^ 
•H 
O 
O 

M 

P< 


CM 


CTN 
VO 


UN 


B-t 

CD 
-P 

cd 

CO 
0 

■•cS 
0) 


CM 


CNJ 
CM 


M 
0) 
-P 


O 

o 

CO 


o 

■r( 

-p 
cd 

•H 
O 

<u 
p. 

0) 

n 
m 

xi 

'd 


m 


ON 

t— 

CO 

UN 

^ 

CM 

r-t 

^ 

m 

00 

UN 

m 

CO 

UN 

CO 

o 

rH 

t<-\ 

ON 

"^ 

r-\ 

UN 

hCN 

CM 

VD 

UN 

O 

o\ 

vh 

^ 

O 

^ 

UN 

ON 

r— 

r-t 

t^ 

CTN 

CM 

t-- 

r— 

'a- 

CO 

UN 

CO 

o 

'^l- 

O 

CTN 

rH 

"=1- 

UN 

NN 

CM 

v£) 

UN 

CO 

rH 

^- 

VD 

CO 

■-1- 

UN 

CJN 

r- 

rH 

CO 

CO 

rH 

VD 

CO 

UN 

KN 


CO 

UN 

CO 

o 

CO 

t^ 

CJN 

CO 

CO 

MD 

m 

CM 

VO 

UN 

VD 

C\.' 

'^ 

C-- 

^o 

'^ 

UN 

CJN 

r— 

rH 

O 

VO 

o 

UN 

o 

\o 

CO 

KN 
UN 

UN 
CM 
CJN 

CO 

O 
UN 
rH 

rH 
UN 
CM 

ON 

CJN 

UN 
CJN 

rH 
UN 

CM 

\D 

rH 

CM 

rH 

UN 

C>T 

CM 

rH 

NN 

CO 

NN 
UN 

UN 
CM 
ON 

co 

O 

U-N 
rH 

KN 

rH 

CM 

ON 

CO 

CM 
rH 

KN 

CO 

CO 

CTN 

ON 

t— 

NO 

r— 

"^ 

CM 

rH 

^ 

o 

t— 

hTN 

MD 

ON 

MD 
O 


O 


u 
o 
p. 
o 

R 

o 
u 

o 

rH 

Pm 

CO 

nJ 


o 

rH 

in 

^ 

CO 

VO 

KN 

UN 

rH 

■* 

ON 

rH 

t-- 

•» 

•k 

K^ 

ON 

CM 

UN 

vr> 

^ 

^ 

CM 

VD 

•< 

•k 

m 

CM 

UN 

rH 

"^^ 

O 

ro, 

^ 

•k 

•t 

hCN 

rn 

C\J 

UN 

vo 

^ 

UN 

^ 

O 

•« 

•« 

hCN 

o 

CM 

UN 

rH 

^=1- 

rH 

UN 

MD 

CO 

-p 
<u 

CO 
C/5 

< 
■n 

Q> 
X 
■H 


(O 

-p 

0) 
B 
+> 

CO 

h 


MD 
MD 
hCN 


O 


VO 


MD 
O 


56 


VO 

O 

^ 

^ 

CM 

CO 

r— 

'^^ 

^ 

*« 

II 

KN 

CTN 

0 

VD 

'^t 

E 

^ 

r- 

-p 

CO 

MD 

CO 

»t 

•* 

0 

KN 

UN 

VD 

CO 

c 

'^ 

CM 

o 

ON 

CO 

•k 

rH 

4-> 

^-^ 

0 

\D 

CO 

rt 

CM 


s 

o 

rH 

CO 

i-H 
o3 

fH 

^ 

H-> 

.C 

0 

•H 

CO 

>> 

B' 

u 

rt 

(d 
o 

o 

rH 

o 

'^' 

Ph 

0 

bD 

> 

II 

C 

X 

•H 

■^ 

CO 

H-> 

a; 

a 

<a 

o 

u 

o 

rH 

(d 

o 

^ 

,Q 

> 

■p 

n 

>? 

0 

H 

nJ 

s 

(3 

fM 

57 

The  forecasted  economics  are  based  on  the  relationship  of  costs  as 
they  exist  in  mid-1975 •  ^^   "t-hc  last  tv/o  years  there  has  been  a  rapid  chance 
in  the  relationship  of  costs.  Therefore  if  new  relationships  emorce,  the 
analysis  will  need  to  be  up-dated. 

Environmental  Considerations 

Concerning  the  natter  of  environmental  quality,  it  is  widely  accepted 
in  the  industrjr  that  the  generation  of  emissions  can  be  more  easily  and 
economically  controlled  at  the  direct  reduction  (or  scrap)/electric  furnace 
combination  than  at  the  blast  fumace/oxj^gen  converter  installation.   If 
the  electric  furnace  arrangement  is  chosen,  this  not  only  promises  that 
there  v/ill  be  minimal  effect  on  the  air  and  water,  it  also  maJkes  the  average 
cost  of  pollution  conti-ol  smaller.  On  the  average,  pollution  control  adds 
8-10^0  to  the  cost  of  processing  and  adds  $25-«30/ton  of  capacity  to  the 
investment,  V/ith  an  electric  furnace  this  cost  is  not  as  high. 

Usually  S3%   of  the  intake  water  must  be  treated  before  it  is  used 
(filtration,  pH  adjustment,  etc),  A  large  portion  of  the  water  can  be  used 
over  and  over  by  recirculation.  It  is  usually  necessary  to  treat  about  65/o 
of  the  discharge  water  to  upgrade  its  quality  before  it  is  released.  The 
amoiint  of  recirculation  that  is  used  depends  on  the  relative  cost  of  re- 
conditioning water  for  reuse,  the  cost  of  discharge  treatment,  and  the  amount 
and  quality  of  water  available. 

Supporting  Services 

Steel  mill  operations  req\iire  a  large  number  of  supporting  services, 
Eschibit  16  shows  some  of  these.  These  services  for  the  most  part  are  sup- 
plied internally,  V/ith  smaller  plants  such  as  mini-mills,  many  of  the 
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EXHIBIT  16 
TYPICAL  SUPPORT  SmVICEG 


Steam  generation 

Truck  repair  chope  (trucks,  cranes,  dozers,  etc.) 

Rail  repair  shops  (engines  &  rolling  stock) 

Scrap  processing  —  cut  and  shread 

Power  plant 

Machine  shop 

Boiler  shop 

V/elding  shop 

Blacksmith  shops 

Rigger,  pipe,  carpenter  shops 

Instrument,  electrical  (motors)  shops 

Roll  reconditioning  shops 

Field  services 

Iron  workers 

Construction  vrarkers 

Masons 

Track  crev;s 


r 
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servicoG  are  supplied  from  external  sources.  The  cost  of  production  is 
closely  tied  in  with  the  deforce  of  plant  use.  The  remote  location  of  any 
of  these  services  could  affect  the  needed  smooth  operation  of  the  mill. 
The  costs  of  these  services  are  likely  to  be  considerably  higher  than  for 
a  mill  in  a  heavy  industrial  area  or  a  large  integrated  mill. 

Steel  Industry  Capital  Requirements 

The  steel  industry  has  not  had  very  attractive  returns  when  compared 

with  other  investment  alternatives.  The  following  ratios  are  typical: 

Net  income  percent  of  sales       A •4% 
Net  income  percent  of  investment   6,5?^ 

For  this  reason  capital  requirements  are  difficult  to  obtain.  Equity  capital 

has  been  practically  non-existent  since  World  War  II,  Long-term  debt  bor- 

rov/ing  usually  averages  about  285j,  The  major  soxirce  of  capital  is  internally 

generated.  This  depends  heavily  on  depreciation  and  taxation  laws.  The 

generation  of  profits  is  also  very  important  and  is  subject  to  foreign 

competition  and  periodic  government  interference. 

Employment  costs  v/hich  average  about  35/^  of  sales  continue  to  increase 

rapidly  as  do   rav/  material  costs.  Capital  investment  costs  have  also 

risen  dramatically  in  the  last  few  years  and  will  probably  continue  to  do 

so.  All  of  this  points  to  the  fact  that: 

1.  Equity  capital  is  not  a  likely  source, 

2,  Internal  generation  of  funds  by  steel  firms  does 
not  look  encouraging  because  of  rising  costs  and 
present  legislative  restrictions, 

5,  Debt  capital  is  usually  limited  to  around  26/o  of 
the  total  capital. 


( 
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VI.  EC0M0HTC5  OF  MOOTAJIA  J.OCATIOII 

Iron  and  n'ocol  Production  Facility  Iiocation 

The  followin{7  tv/o  quotes  illustrate  the  opinion  of  many  authorities  in 

the  steel  industry: 

"The  primary  forces  influencincj  the  location 
pattern  of  iron  and  steel  production  within  a 
particular  market  are  the  scale  economics  of 
manufacturing  and  the  costs  of  transporting  the 
finished  steel  products.  There  is  a  v/eakening 
location  attraction  of  rav;  material  and  a  trend 
toward  market  oriented  production, "i-'-) 

"It  is  difficult  to  drav/  any  very  definite 
conclusions  as  to  any  preference  in  regard  to 
the  location  of  iron  and  steel  plants.  The 
great  majority  of  the  plants  are  situated  v/ithin 
easy  reach  of  coal,  and  indeed  verj''  often  in  the 
immediate  neighborhood  of  the  coalfields.  Prox- 
imity to  iron  ore  mines  does  not  seem  to  have  a 
determining  factor  in  plant  location  ,  ,  , 
It  v/ould  appear  that  the  biggest  factor  in  these 
concentrations  has  been  nearness  to  the  major 
consumer  industries, "(2) 

Trds  fact  is  highlighted  in  this  section  of  the  report, 

I'^arket  for  Ilerchant  Mill  Out-put 

The  Mountain  and  Pacific  states  regions  (see  Exhibit  17  for  a  definition 
of  regions)  accoimt  for  roughly  T/o  of  the  steel  shipped  within  the  United 
States,  California  and  V/ashington  account  for  most  of  this  amount.   It  is 
estimated  that  there  is  about  750,000-1,000,000  tons  of  merchant  mill  sales 
within  these  regions  per  year  excluding  California,  Kerchant  mill  sales 
account  for  approximately  15/o  of  total  finished  steel  mill  sales.   In  the 


^  'Source:  Fianners,  Gerald;  The  Clianging  World  Karket  for  Iron  Ore 

1950-1900;  page  6% 

(2) 

'Source:  Management,  Organization,  and  Methods  in  American  Iron  and 

Steel  Industr:/;  page  5*3 » 
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EXHIBIT  17 
DEFINITION  OP  REGIONS 


Mountain: 

Montana 

Idaho 

Wyo,';iin{7 

Colorado 

Nev/  Mexico 

Arizona 

Utah 

Nevada 

Pacific: 

Washington 

Oregon 

California 

Alaska 

Hawaii 

Vest  South  Central! 

Arkansas 
Louisiana 
Oklahoma 
Texas 

East  North  Central: 

Ohio 

Indiana 
Illinois 
I'lichigan 
Wisconsin 

West  North  Central: 

Minnesota 

lov/a 

Missouri 

North  Dakota 

South  Dakota 

Nebraska 

Kansas 


South  Atlantic: 

De  lav/are 

I-Iaryland 

District  of  Columbia 

Virginia 

West  Virginia 

North  Carolina 

South  Carolina 

Georgia 

Florida 

East  South  Central: 

Kentucky- 
Tennessee 
Alabama 
Mssissippi 

New  England: 

Maine 

New  Hampshire 

Vermont 

Massachusetts 

Rhode  Island 

Connecticut 

Middle  Atlantic: 

New  York 
New  Jersey 
Pennsylvania 


c 


c 
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1969 

average 

1970 

average 

1971 

average 

1972 

average 

1973 

average 

1974 

average 

1974 

December 

abGcnce  of  price  competition,  the  Ajnorican  steel  firmn  struggle  to  outbid 
one  another  on  quality,  dolivorj'-  dates,  finishes,  and  customer  service. 
Delivery  dates  are  commonly  1-3  months. 

Merchant  bar  prices  have  the  following  recent  history,   (Pittsburg, 
cents  per  pound) : 

6.575 
6.991 
7.813 
7.229 
8.375 
9.74 
10,75 

Prices  for  merchant  bars  and  reinforcing  bars  are  volatile.  They  went 
through  the  roof  in  1974.   In  the  merchant  market,  served  to  a  large  extent 
by  mini-mills,  vigorous  price  cutting  has  broken  out  in  mid-1975.  Now,  in 
mid-1975»  price  cuts  of  $60  a  ton  are  reported. 

Important  factors  in  the  merchant  markets  are  small  mills  which  rely 
on  steel  scrap  as  a  raw  material.  The  recent  downward  direction  in  scrap 
prices  has  lowered  costs — just  as  last  year's  skyrocketing  prices  raised 
them  then.  Merchant  products  largely  go  into  construction  and  have  been 
subject  to  chronic  spells  of  price  weakness.  This  weakness  is  now  cropping 
up  in  outlying  markets  of  the  Midwest,  the  South  and  Southwest.  However, 
at  least  one  national  mill  has  joined  in  the  price  cutting.  Buyers  suspect 
the  price  cutting  will  spread. 

Stainless  Steel  and  Allov  Steel 

I       III       11      I      I         I    *-  

The  market  for  alloys  steel  is  10-1 5/o  of  the  size  of  the  carbon  steel 
market.  Stainless  steel  is  ,5-l/o  of  the  size  of  the  carbon  steel  market. 
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StainlcGC  steel  usually  contciinr,  about  18%   chromium  and  0%  njckcl.  Chromium 

deposits  are  available  in  Montana  as  are  nickel  deposits,  Tlie  feasibility 

of  usinc  these  deposits  needs  further  investigation. 

The  production  of  stainless  steel  or  other  ferro-alloys  is  v/ithin  the 
technical  capability  of  an  electric  furnace.  Some  additional  processing 
equipment  would  be  required.  The  western  market  for  these  products,  however, 
is  small.  The  finished  product  would  have  to  be  shipped  tremendous  distances 
to  market.   It  is  therefore  doubtful  that  production  of  ferro-alloys  and/or 
stainless  steel  should  be  pursued.  Considerable  additional  processing  and 
miaxxet   investigation  needs  to  be  done  to  substantiate  this,  hov/ever. 

Comparative  Processin,?  Cost  of  Kontana  vs.  Other  Steel  Areas 

Montana  has  the  cheapest  natural  gas  of  any  major  steel  producing  state 
in  ";he  IJorth  Central  and  V/estem  States  regions.   Its  price  is  roughly 
one-half  the  average  price  in  these  states,  Tliis  is  verjr  encouraging  with 
relation  to  direct  reduction  plant  development.  However,  this  price  struc- 
ture has  been  changing  rapidly  and  drastically  during  the  last  year  and 
needs  a  further  detailed  evaluation.  This  change  is  occurring  nationwide, 
but  Montana  is  especially  vulnerable  because  of  dependence  on  the  import 
of  Canadian  natura,!  gas. 

Electrical  power  in  Hontana  is  only  2%   cheaper  than  the  average  in 
the  surrounding  regions.  No  significant  cost  advantage  would  result  in 
this  area.  The  availability  and  price  of  power  in  Montana  will  be  affected 
considerably  by  the  outcome  of  the  current  Colstrip  5  ajid  4  hearings. 

Virtually  all  steel  mills,  large  and  small,  sxe   unionized.   All  mills 
have  an  identical  contract  as  far  as  wages  and  fringe  benefits  are  concerned. 
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The  1974  level  including:  fringe  was  $9«0l/hour.  The  1975  level  would  bo 

only  slif^itly  hif:her.  Employment  costs  account  for  rouchly  55/'>  of  the 

cost  of  sales.  Therefore,  no  cost  advantage  exists  in  this  area.   It  is 

assumed  that  productivity  in  a  Montana  location  v/ould  be  at  least  equal 

to  other  locations. 

Scrap  Availability  and  Prices 

The  Mountain  and  Pacific  States  regions  consume  about  6,0  of  the  scrap 
used  in  the  U.S,  This  amovmts  to  approximately  8  million  tons/year  in 
these  regions,  Montana  and  the  states  adjacent  to  it  produce  only  a  small 
portion  of  this  total,  approximately  ,3  million  tons/year.  The  proposed 
mill  v/ould  therefore  require  over  one-half  of  the  scrap  available  in  the 
adjacent  states. 

The  recent  tv/o-and-a-half-year  worldv.'ide  boom  in  steel  production  may 
have  seriously  depleted  scrap  reserves.  If  this  is  the  case,  steelmen  may 
have  to  adjust  permanently  to  live  with  scrap  prices  well  above  their 
historical  range  of  $30  to  $50  a  ton. 

John  E,  McGee,  metals  purchasing  manager  at  Arm.co  Steel,  the  nation's 
largest  ferrous  scrap  buyer,  holds  this  view,   "Tliis  country  has  the  lowest 
inventory  of  scrap  since  V/orld  V/ar  II,"  says  KcGee,   "We  believe  that  in  the 
next  four  years  there's  going  to  be  a  serious  shortage," 

HcGee  bases  his  projections  on  the  growing  use  of  electric  steelmaking 
furnaces  in  the  U,S,  Such  furnaces  use  100>o  scrap  charges,  compared  with 
about  50/ J  in  the  basic  oxygen  furnace.  Electric  furnaces  now  malce  up  23% 
of  U,S,  steelmaking  capacity,  up  from  IS^o  ten  years  ago,  and  another  5-million 
tons  of  electric  furnace  capacity  is  slated  to  come  on  stream  during  the 
remainder  of  the  1970 's. 
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Less  scrap  at  home  may  brine  more  prossiirc  for  export  controls.  Controls 
were  dropped  at  the  becinnin^  of  1975.  But  there  is  debate  in  the  industry 
about  their  necessity  now. 

Scrap  prices  have  had  the  following  trend  in  the  last  five  years,   (Price 
of  No,  1  scrap  Chicaco  per  gross  ton.) 


1969 

average 

30.12 

1970 

average 

41.86 

1971 

average 

53.40 

1972 

average 

36.22 

1973 

average 

57.64 

1974 

average 

112.44 

1975 

August 

54.50 

Cost  of  P.aw  Kateri 

.als 

(?.0.3.  source) 

in  !-'ontana 

Coal  costs  have  averaged  about  S2/ton  less  in  the  Moimtain  States  region 
than  in  other  steelinaking  states.  The  cost  of  iron  ore  in  the  Mountain  States 
region  is  slightly  less  than  in  other  states.  The  cost  of  scrap,  limestone, 
chromite,  other  ferro-alloys,  and  other  needed  materials  such  as  electrodes, 
should  be  no  higher  in  ITontana  than  in  other  locations.  Therefore,  the 
total  rav/  materials  cost,  F.O.S.  source,  would  have  a  negligible  advantage 
in  Montana.  The  most  optimistic  finished  product  cost  advantage  would  be 
in  the  range  of  about  2Jo.  This  advantage  is  negated  by  the  increased  trans- 
portation cost. 

'.  ShiDning  Distances 

It  is  not  uncommon  to  ship  iron  ore  concentrate  or  pellets  manj''  hundreds 
of  miles  by  rail  and  even  farther  by  ship.  Other  raw  materials  are  usually 
within  a  few  hundred  miles.   In  the  past  the  shipping  costs  of  the  raw 
materials  have  been  roughly  one-half  the  cost  of  the  material  delivered 
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at  the  mill.  Recent  price  chan{;os  in  coal  cond  scrap  have  caused  the  material 
cost  to  rise  faster  than  the  transportation  cost.  The  transportation  cost 
of  scrap  varies  between  S5-525/ton  depending  on  the  distance.  Scrap  shipping 
rates  are  usually  2-3  times  higher  per  ton-mile  than  iron  ore. 

Exliibit  18  shows  the  distribution  of  the  shipment  of  finished  steelworks 
and  rolling  mill  products  both  from  and  to  the  Ilountain  States,  Exhibit  19 
gives  an  indication  of  the  distances  of  shipments  in  the  U.S, 

It  can  be  seen  by  this  summary  that  about  one-half  of  all  shipments 
are  under  200  miles.  The  closeness  of  the  market  is  a  very  important  cost 
consideration.  Finished  goods  transportation  cost  accounts  for  rou{^ly  6% 
ol  'the  average  delivered  cost  of  the  steel. 

Steel  prices  are  F.O.B,  steel  mill.  Although  there  is  very  little 
or  \no  price  competition  in  the  steel  industry,  it  is  common  practice  to 
absorb  freight  costs  of  distant  customers  in  order  to  make  the  product 
competitive  with  the  prices  charged  by  mills  which  are  geographically  closer 
to  that  customer. 

The  ratio  of  raw  material  to  finished  product  tonnage  is  2:1  for  electric 
ftimaces  and  2.5:1  for  other  steelmaking  methods.  The  railroad  rates  hov;ever 
vary,  with  the  value  of  the  commodity  being  shipped.  The  finished  product 
cost  per  ton-mile  is  typically  three  to  four  times  as  great  as  for  the  raw 
material.  The  net  affect  is  that  distances  to  market  tend  to  be  more  critical 
than  distances  to  raw  materials.  Raw  materials  shipments  can  also  often 
be  consolidated  into  large  unit  train  shipments.  Scrap  shipping  rates  are 
the  major  exception.  They  tend  to  be  considerably  higher  than  iron-oi-e 
shipping  rates. 
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EXHIBIT  10 
STEEL  WOraCS  AND  ROLLIIIG  HILL  PRODUCTS  SIIIPPIJIG  DIS'ffilBUTION 


Geographic  3»o/^:ion  of 
Destination  or  Orif:in 


Porccntaf^c  shipped   Percontage  nhipped 
from  Mountain  States  to  Mountain  States 


Pacific 
Mountain 

West  South  Central 
East  South  Central 
South  Atlantic 
West  North  Central 
East  North  Central 
Middle  Atlantic 
New  England 


39.6 

11.9 

32.2 

39.2 

14.7 

13.9 

2.9 

7.3 

- 

2.5 

9.4 

2.7 

.1 

17.6 

1.1 

4.0 

- 

.1 

2,208  million 
tons/year 

1,816  million 
tons/year 

EXHIBIT  19 

DISTRIBUTION  OF  DISTAlTCIilS  SHIPPED  BY  LAITO  OP  STEEL  V/OHKS  AND  ROLLDIG 

MILL  PRODUCTS  IN  THE  U.S. 


Distance  Shipped 
in  Miles 


Percentage  of 
Tonnage  Shipped 


Method  of  Shipment 
Rail  Truck 


Under  200 
200  to  399 
400  to  599 
600  to  999 
1,000  and  over 


49 

30 

10 

6 

5 


60 

50 

67 
80 

93 


40 
50 

35 
20 

7 


60 

Froirht  Rates  on  Iron  Ore,  Coal,  and  Limestone 

Prei^t  rates  on  these  raw  materials  usually  account  for  about  15/o  of 
the  cost  of  the  finished  product.  Limestone/lime  is  available  in  Montana 
and  should  present  no  transportation  cost  problem.  Both  coal  and  iron  ore 
are  not  presently  available  in  Kontana,  The  coal  transportation  costs  v;ould 
be  increased  by  about  $2,5O-05»OO  per  ton  if  outside  the  State  sources  were 
required.  This  would  increase  the  final  product  cost  by  about  1.5/3  to  3^3. 
The  'Same  approximate  relationship  exists  for  iron  ore.  Although  iron  ore 
shijiping  rates  are  somewhat  lower  than  coal,  lari-jer  amounts  must  be  transported. 

Transportation  of  Finished  Product 

Because  of  the  remote  market  location,  the  shipment  of  finished  product 
froni  Kontana  will  have  an  average  distance  of  65O  miles.  The  average  distance 
for  ;nost  mills  is  around  350  miles.  Because  shipping  costs  are  not  propor- 
tion&l  to  distance,  the  cost  v;ill  not  reflect  the  full  mileage  differences. 

Shipping  costs  of  a  I'^ontana  steel  mill  will  be  about  l67>o  of  the  average 
shi3:^ing  costs  of  non-Kontana  mills.  This  results  in  a  total  cost  disadvan- 
tage- of  about  4/0  of  the  cost  of  the  finished  product  or  about  S6/ton, 

Scran  Freight 

In  order  to  obtain  sufficient  scrap,  an  average  distance  of  about  6OO 
milee  will  be  the  average  shipment.  This  is  probably  twice  the  distance 
neecjed  for  an  average  non-Montana  steel  mill  scrap  shipment.  Therefore, 
the  cost  increase  will  be  about  S7»50  per  ton  of  scrap.  This  amoimts  to 
about  S8.5O  per  ton  of  finished  product  or  a  6,05o  di sadvajitage , 

Tax  and  Construction  Cost  Considerations 

Three  major  costs  not  associated  with  tlie  processing  that  have  a  major 
impact  on  the  economics  of  the  project  are: 
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1,  Rolativo  construction  coctc  within  the  North  Central 
and  Wectern  States. 

2.  State  income  tax  differences, 
5»  Property  Tax  ];ates  comparison. 

Compared  with  40  other  locations  in  the  U.S.,  Montana  has  a  relative 
construction  cost  no  v/orse  than  most  locations  and  in  some  instances,  sli{^tly 
better.  Construction  costs  should,  therefore,  play  no  significant  role  as 
either  an  advantage  or  a  disadvantage, 

Montana's  state  income  tax  is  slightly  higher  than  the  average  for  the 
thirteen  major  steel  producing  states  in  the  North  Central  and  V/estem  States, 
I'ion'&ana  has  the  foiirth  highest  rate  said  this  rate  is  1,5/^  above  the  average 
rate.  This  acco\mts  for  a  ,25/o  increase  in  the  cost  per  ton  in  comparison 
with  the  average  state, 

Montana  property  taxes  are  difficult  to  compare  because  of  assessment 
ratios  and  practices.   It  appears  that  Montana  has  the  second  highest  tax 
when  compared  with  the  steel  producing  states  of  the  North  Central  and 
V/es-em  regions  of  the  U.S.  The  Montana  rate  is  nearly  double  the  average 
for  these  states.  This  would  account  for  a  cost  disadvantage  on  the  order 
of  2.255^0  per  ton. 

Montana  Steel  Hill;   Sunnary  of  Cost  Advantages  and  Disadvantages 

A  quantitative  suramary  of  the  relative  cost  factors  is  as  follows: 

^  .    .                  Increased  Cost  as  a  Percentage 
Oost  Area  r.  „.      -,    -r^      ,  ,    „      . 
of  Final  Product  Cost 

Construction  Cost  Negligible  or  slight  drop 

State  Income  Tax  +.25% 

Property  Tax  +2.25% 

Shipping  Finished  Goods  +4.0/o 

Size  of  Plant  Negligible  or  slight  increase 

Electric  Pov/er  Negligible  or  slight  drop 
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Manpower  NeglicJblo  or  clicht  increase 

Cost  of  liaw  Material  _2  q"/ 

(BOF  Piimacc)  "  *  ''^ 

Transport  of  Ccrap  ^  qo/ 

(Electric  furnace) 

Transport  of  non-Montana  Rav/  Miatorial        •  j-o/ 
(BOF  Furnace)  '° 

Total  (Electric  Furnace)  12.5% 

It  can  be  seen  that  a  Montana  location  has  a  relative  cost  disadvantage 
of  from  9^0  to  12,5';o  when  compared  to  other  mills.  Because  of  the  isolated 
raarket  area,  hovrever,  a  I'ontana  mill  should  be  able  to  competitively  service 
a  IL-nited  local  area.  This  is  due  to  the  fact  that  other  mills  v/ould  need 
to  ship  considerable  distance  to  reach  it. 

vi:j  conclusion 

Recomr.endations 

A  150,000  ton/year  capacity  mini-steel  mill  is  the  only  mill  that 
warrants  further  consideration  at  this  time.  This  mill  would  consist  of 
two  small  electric  furnaces,  a  continuous  casting  plant,  and  a  small  merchant 
ba]-  rolling  mill.  The  raw  material  iron  source  would  be  scrap.   If  a  local 
source  of  iron  could  be  developed  by  a  direct  reduction  process,  then  it 
would  replace  the  scrap  requirement. 

This  type  and  size  of  plant  is  recommended  for  the  following  reasons: 

1.  Only  a  small  r.arket  exists. 

2.  Alternative  processes  require  a  much  larger  size  to  be 
economical. 

5.  This  is  the  minimum  economical  size  for  this  type  of 
plant. 

4.  The  investment  per  ton  of  output  is  about  one  fourth 
of  alternate  processes. 

5.  The  return  on  investment  is  higher  than  alternative 
processes. 
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6,  The  tochnolocy  is  simpler  than  alternative  processes, 

7,  The  process  has  greater  production  output  flexibility, 

8,  There  is  much  less  pollution  problem  than  with  alterna- 
tive processes, 

9,  This  process  has  the  potential  of  being  joined  with  a 
direct  reduction  plant, 

10,  The  raw  materials  (iron  ore  and  coke)  are  not  currently 
readily  available  for  the  alternative  process, 

11,  This  process  is  adaptable  to  stainless  production. 
Potential  problems  and  disadvantages  for  this  plant  include: 

1.  Inadequate  scrap  supply  within  a  reasonable  distance, 

2,  Suitability  of  local  ore  for  direct  reduction  is  ujiknown. 
Also,  direct  reduction  is  dependent  upon  large  quantities 
of  natural  gas,  the  supply  and  price  of  which  is  highly 
changeable. 

The  larger  plant  is  economically  unfeasible.  The  resource  requirements 
for rthis  mill  are  in  excess  of  what  a  Montana  location  could  provide.  The 
water,  povrer,  and  manpower  requirements  are  also  critical  limiting  factors. 
The  magnitude  of  investment  is  greater  on  a  per  ton  basis  by  a  factor  of 
3.5  :a.s  well  as  being  about  7  times  as  large  in  capacity.  The  available 
market  is  also  too  small  to  support  the  mill  output  within  a  reasonable 
shipping  distance. 

Location  of  Facilities 

The  steel  m.ill  location  within  Montana  has  three  major  requirements. 
In  order  of  importance  they  are: 

1,  A  work  force  of  approximately  600  people  is  required. 
This  would  suggest  that  only  the  largest  cities  in 
Montana  would  be  likely  locations, 

2,  The  plant  requires  numerous  auxilliary  services  which 
'         would  only  be  available  in  industrially  concentrated 

areas, 

5,  Good  rail  and  truck  freight  connections  and  facilities 
are  needed.  Again  the  larger  cities  could  provide  this. 
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pro  Bono rici.it ion 

If  a  suitable  iron  ore  deposit  can  be  developed  within  Montana,  then 
an  ore  bcnoficiation  facility  would  almost  certainly  be  developed  also. 
The  specifications  for  this  plant  would  depend  on  the  characteristics  of 
the  ore.  The  facility  could  ranee  anywhere  from  simple  magnetic  separation 
to  a  pellet  plant  to  a  direct  reduction  facility. 

The  product  of  a  pellet  plant  would  be  shipped  to  an  area  where  a  blast 
furnace  was  being  used.   If  a  direct  reduction  plant  were  technically  feasible, 
then  a  portion  of  the  output  could  be  utilized  by  the  mini-steel  mill.  Such 
a  nlant  v/ould  probably  be  in  excess  of  500,000  tons/year  capacity  so  that 
only  one-half  of  its  output  would  be  used  by  the  mini-steel  mill. 

Location  of  Ore  Seneficiation  Facility 

The  ore  beneficiation  facility  would  probably  be  located  within  10  to 
20  miles  of  the  mine.  The  ore  would  be  hauled  fron  the  mine  by  truck.  The 
concentrated  ore  vrould  be  transported  to  the  steel  mill  by  unit  trains. 

Direct  Pieduction  "Feasibility 

Sufficient  information  is  not  available  to  evaluate  this  alternative. 
Additional  analysis  and  testing  of  the  composition  and  characteristics  of 
Montana  ore  deposits  must  be  accomplished  first.  The  availability  and  price 
of  natural  gas  or  suitable  coal  must  also  be  studied. 

0\jnerGhi'P 

Most  steel  operations  are  vertically  integrated  from  raw  material 
extraction  through  final  product  production.   It  would  be  desirable  for 
the  mini-steel  o\'mer  to  also  ovm  the  iron  ore  mine  and  direct  reduction 
plant.   If  the  direct  reduction  plant  uses  coal,  then  the  coal  would  also 
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probably  bolonc  to  the  same  company.  Many  inini-ctool  mills  use  scrap  as 
the  iron  source  and  therefore  are  not  vertically  intefp:'ated. 

Additional  Study  Roguired 

This  feasibility  study  v/ac  of  a  preliminary  nature.  The  scope  of  the 
study  required  that  approximations  be  made  on  most  calculations.  Nearly 
all  quantity  and  cost  information  was  obtained  from  secondary  sources. 
The  follov/inc  list  of  items  were  found  to  be  the  areas  where  additional 
study  is  required  in  order  to  substantiate  either  the  technical  or  economic 
feasibility  of  steel  production  in  Montana,  These  items  are  ranked  in 
rouf^ily  their  order  of  importance, 

1,  Iron  ore  deposits.  The  published  information  on  the 
size  and  composition  of  Montana  deposits  is  insufficient, 
I'luch  more  detailed  and  specific  information  is  required 
in  order  to  establish  v;hether  the  deposits  are  suitable 
for  steel  use.  This  inform.ation  should  include  the 
beneficiation  processes  that  vrauld  be  required  to 
upgrade  the  ore  to  useable  quality.  After  this  in- 
formation is  available,  then  additional  economic 
evaluation  could  be  done, 

2,  Feasibility  of  direct  reduction  of  iron  ore  deposits. 
In  conjunction  v;ith  obtaining  more  information  on 
Montana  iron  ore  deposits,  a  study  of  the  possibility 
of  direct  reduction  of  the  ore  should  be  conducted. 
Additional  information  needs  to  be  gathered  on  the  use 
of  local  coal  and/or  natural  gas  for  this  process. 
Both  the  price  and  availability  of  such  a  suitable 
reducing  agent  and  heat  source  needs  to  be  verified. 

5,  Transportation  cost  analysis,  A  much  more  thorough 

study  of  the  transportation  costs  must  be  accomplished. 
The  specific  rate  structure  for  the  various  raw 
materials  and  finished  product  needs  to  be  analyzed. 
This  was  not  possible  in  this  study  since  the  raw 
material  locations  v;ere  not  firmly  established. 
Also,  the  finished  product  shipping  was  only  approxi- 
mate since  specific  enough  market  information  wasn't 
determined, 

4,  Availability  and  price  of  power,  energy,  transportation, 
manpower,  water,  and  auxilliary  services.  Additional 
contact  needs  to  be  made  Aoth  utility  and  rail  companies 
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to  more  fully  determine  the  availability  and  coct 
of  their  required  services.  Also  the  availability 
or  development  of  appropriate  manpower  needs  must  be 
further  studied, 

5,  Scrap  availability  and  price  analysis.   If  direct 
reduction  docs  not  Drove  feasible,  then  additional 
study  must  be  done  on  scrap  since  it  v/ould  be  the 
major  rav/  material, 

6,  Fiarket  analysis.  A  more  thorou£^  investigation  of  the 
size  and  characteristics  of  the  market  must  be  accom- 
plished. The  prices  and  quantities  must  be  established 
more  accurately, 

7,  Investigation  of  Montana  taxes  and  mining  laws. 
Further  study  is  needed  in  this  area, 

8,  Investigation  of  the  technology,  market,  and  economics 
of  stainless  steel  production.  The  possibility  of 
manufacturing  stainless  steel  as  well  as  other  alloy 
steels  needs  to  be  investigated  further. 
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APPEiroix  A 

I-IAPS  OF  HOIITAIIA  IffiSOURCjCS  AlID  SKKVICES 

1,  l'.ap  of  Iron  Occiirrences 

2,  Map  of  Coal  Occiirrences 

5.  I'.ap  of  Limestone  and  Dolomite   Occurrences 

4.  Map  of  Discharge  of  Principal  Streams 

5.  Table  of  Discharge  of  Principal  Streams 

6,  M^p  of  V/ater  V/ell  Potential 

7,  Montana  Roads 

8.  Rail  M^p  of  Montana 

9,  Electric  and  Gas  Map  of  Montana 
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A-5.  Table  of  Discharcc  of  Principal  liontana  Strearr.s 


Stream 


Extremes  Of 

Drainare       Average      Discharce 
Drainage  ^.^^^  Diocharge     (^^^^^  ^^^^ 

^^  square  j^^^^^^     feet  per     ^  1 

-1-^)  second)  j.^,         ,,,,. 


Irrigated 
Laund 
Served 
(acrcc) 


Red  Rock  River  below 

Lima  Reservoir  near 

Medina  570.0   40 

Beaverhead  River  at 

Blaine  5,619.0   26 

Rubv  River  near  Twin 

Er/dges  955.0   16 

Big  Hole  River  near 

Melrose  2,476.0   38 

Boulder  River  near 

Boulder  581.0   30 

Jefferson  River  at 

Sappington  9.277.0   32 

I'ladison  River  near 

West  Yellowstone  .  .    420.0   46 

Madison  River  below 

Snnis  Lake  near 

McAllister  2,186.0   23 

Gallatin  River  near 

Gallatin  Gateway  .  .    825.0   36 

Bridger  Creek  near 

Bozeraan 62.5   16 

Gallatin  River  at 

Logan 1,795.0   45 

Missouri  River  at 

Toston  14,669     26 

Prickly  Pear  Creek 

near  Clancy  ....    192     55 

Mdssouri  River  below 
Ilolter  Dan  near  Wolf 
Creek  . 17,149     16 

Dearborn  River  near 

Craig 525     16 

Regulated 

2 

Minimum  daily 


138 
390 
188 

1,091 
110 

2,093 

471 

1,594 

755 

52 


2,500    0 


7,750   210.0 
8,060  117.0 


902 


47.7 


927 


.9 


949     9,840   130.0 
5,135.0   32,000   562.0 


.5 


10,000 


3,130    7.0   115,000 

1,500     1.8^    28,000 

14,100    49.0    136,000 


2,620     0        3,500 


21,000   134.0    345,000 


2,150   100.0 


23,000 
1,400 

1,200 

110,000 

555,000 

700 


5,023.0   54,900   500.0    574,000 
216.0    7,960     8.0      3,500 
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Table  of  Discharge  of  Principal  Kontana  Streams  (cont.) 


Average 
Dramace  ^^^^3  Bischarffe 


Stream 


Area 


Of 


(cubic 


(square  y^^^^^     f^^t  per 
"'^l^^)         second) 


Smith  River  near 
Eden  «••••< 


North  Fork  Sun  River 
near  Augusta  .  •  . 

Sun  River  near 
Ysii,^im     , 


1,594 

10 

258 

17 

1,854 

27 

560.0 


Extrcnos  Of 

Discharge 

(cubic  feet 

per  second) 


Irrifjated 
Land 
Served 
(acres) 


Max. 


Kin. 


252.0     12,500     5.1    24,500 


4,840    27.0 


713.0     17,900    20.0   110,000 
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APPKroiX  B 
RAV/  MAT;!;niAL  SPECIFICATIONS 


1,  Limestone 

2,  Iron  Ore 
5.     Scrap 
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1,   Spcci  ficationr.  For  Linontono  Urod  in  Stcc]  Rgkinf: 

General  specifications  for  various  uses  of  crushed  limestone  are  listed 
below  (percent): 

Flux,  etc.: 

Bessemer  —  Upper  limits:   G,  0,5/o;  '^2'^^*   ^•'^■'^'^* 

Blast  furnace  charge  —  UT)per  limit:  IIcCO,,  20  to  50^0;  Al20;.+Fe_0  , 
4/o;  SiO^,  3  to  4/3.  :>     P 

Patching:  and  lining  —  Jx)wer  limits:  FigCO,,  55%» 

Open  hearth  — -  Upper  limits:  MgCO^,  20:;(;;  SiO^,  1%;  S,  1%;  ^2'^5'    ■'•'^* 

Application:  Flux  for  refining  ferrous  and  nonferrous  metals. 

Specific  use  or  process:  Blast  fumaceflux:  Limestone,  calcitic  and 
dolomitic,  or  blends  of  limestone  and  dolomite  used  in  smelting 
metalliferous  ores  by  combining  with  gangue  (impurities)  to  form  an 
immiscible  slag.  The  fluxing  material  must  be  as  pure  as  possible 
within  economic  limits,  since  the  objective  of  the  flux  is  to  remove 
impurities  as  efficiently  as  possible. 

Sbecifications:  Chemical:  Varying,  depending  on  cost  and  availability 
considerations,  but  generally  the  following  constituent  limitations 
apply:  SiOp-maxiraa  of  1  to  5  percent;  S-maxima  of  0.1  to  0.5  percent; 
P-naximum  01  0.05;  MgO-r.axina  of  4  to  15  percent.  Hov/ever,  about 
half  of  the  steel  mills  in  the  U.S.  v/ill  permit  no  more  than  a  total 
of  5  percent  noncarbonate  impurities,  including  approximate  maxim.a 
of  0.1  percent  sulfirr  and  0,02  percent  phosphorus.  Physical:  Size 
ranges:  1x4  inches,  2x4  inches,  2  x  2-J  inches,  and  6x3  inches 
-fine  fragments  undesirable.  Quality:  a  strong,  finegrained  stone 
that  v;ill  not  decrepitate  under  furnace  heat  is  required. 

Specific  use  or  process:   Open  hearth  flux:   Limestone,  usually  the  hi^ 
calcium  type,  is  used  rather  than  magnesian  stone  because  the  removal 
of  phosphorus  occurs  in  the  open  hearth  and  CaO  has  a  greater  affinity 
for  phosphorus  than  does  ligO. 


Specifications:  Chemical:  For  hi{;^  calcii^HBnestone  generally  98  percent 
CaCO,.  For  other  limestone:  AlpO,-  l^WT  than  1.5  percent;  SiOp  -  2 
percent  maximum;  l'igC0,-10  percent  mciximiim;  P-trace  anoiints  only; 
S-undesirable  -  only  trace  amounts  tolerated.  Physical:  Size  range: 
Generally  similar  to  blast  furnace  use. 


Source:   i'inoral  and  V/ator  Rrsoxircos  of  Tdalio,  p.  112. 
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2.   Iron  Oror. 

A.  Classification 

Iron  ore  occui's  in  several  chemical  combinations  and  in  various  mincral- 
ogical  forms.  Deposits  ax'e  v/idesy)read,  though  not  always  readily  available 
to  sources  of  consumption,  or  of  sufficient  quantity  and  quality  to  be  mined 
■profitably.  The  rapid  {jrowth  of  industry  in   recent  years  has  stimulated 
:the  search  for  new  raw-material  sources  and  numerous  research  projects  to 
develop  more  complete  utilization  of  accessible  deposits.  During  the  interim 
^between  the  tv;o  V/orld  Wars,  it  appeared  that  the  discovery  of  now  deposits 
would  provide  sources  far  in  advajice  of  needs.  This,  however,  has  not  proved 
to  be  the  case.  The  magnitude  of  iron-ore  requirements  of  the  Second  V/orld 
War  and  the  period  after  it  have  modified  that  impression,  ajid  lower-grade 
ores  are  being  developed  to  an  increasingly  greater  extent. 

The  character,  texture,  and  composition  of  the  ores  from  each  district 
reilect  their  geological  heredity  and  local  environment.  Although  the 
cnejnical  composition  of  ores  is  most  important,  physical  structure  and 
teitture  of  the  ore  affect  the  economics  of  mining  and  its  adaptability 
as  la  furnace  feed. 

Dense  massive  ores  v/hich  break  into  lujnps  v/hen  mined  are  called  hard 
ores,  and  those  resulting  in  granular  and  earthy  products  are  called  soft 
ores.  At  the  extrem.es  of  texture  gradation,  lump  ores  of  suitable  chemical 
analysis  are  used  for  open  hearth  charge  and  feed  ore  and  command  a  premium, 
while  fine,  earthy  ores  are  subjected  to  a  price  penalty.   Iron  ores  also 
have  been  classified  locally  according  to  their  origin  or  color,  and  such 
terns  have  gained  general  usage  as  brown  ores,  red  ores,  magnetic  ores,  and 
bogi  ores. 

Iron  ores  are  classified  further  as  to  Bessemer  (phosphorus  .045  percent 
or  less),  non-Bessemer  (phosphorus  ,045  percent  to  ,180  percent),  high 
phoephorus  (phosphorus  greater  than  ,180  percent),  high  sulfur,  mangani f erous , 
siliceous,  carbonate,  and  titanif erous,  according  to  their  chemical  composition, 
I'lan.ranif erous  iron  ores  contain  5  to  10  percent  of  manganese  in  addition  to 
ircM,  and  ores  having  manganese  exceeding  5  percent  claim  a  slight  premium. 
Siliceous  ores  (over  18  percent  silica)  are  used  to  maJ<;e  silvery  pig  iron, 

B,  Ilineralogy 

Iron  Minerals 

In  most  iron-ore  deposits  hematite,  magnetite,  siderite,  or  lim.onite 
predominates,  and  other  iron  minerals,  such  as  martite,  goethite,  turgite, 
fayaJitCf  xanthosiderite,  pyrite,  pyrrhotite,  or  maorcasite,  are  associated 
in  smaller  quantities.  Some  of  these  ma,y  be  present  in  very  small  percen- 
tages, and  others  may  constitute  a  substantial  part  of  the  ore,  Mag-netite 
ores  exposed  to  weathering  conditions  may  be  partly  altered  to  hematite, 
with  resulting  mixtures  of  the  two  most  important  iron  minerals. 

Hematite:   Ferric  oxide  of  iron  (Pe^O^);  iron  content,  69,9  percent. 
Most  abundant  ore  mineral.  Color:  Hetallic  gray  to  bluish  black  in  hard 


Source:   Iron  Ore  I'^atcrial  Survey,  U,S,  Dept,  of  Intci'ior,  May  195^, 
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crystalline  forms.  Hed  to  rcddich  brov/n  in  r.oft  orco,  which  arc  partly 
altered  to  other  minerals.  Hardness:   5.5-6.5  in  solid  lumps,  ranfres  1-5 
in  loss  compact  ores.  Specific  frravity:  4.9-5.5  for  hard,  crystalline  ore, 
ranees  down  to  5.8  for  unconsolidated  ores,  '  Occurrence:  Mainly  as  bedded 
deposits  in  sedimentary  rocks.  Usually  associated  with  other  iron  minerals. 
Sometimes  is  an  alteration  product  of  other  minerals, 

K;a{pietite:  Ferrosoferric  oxide  of  iron  (Fe,0.  or  FeO,  or  Fe^O^); 
iron  content,  72,4  percent,   Importajit  ore  mineral;  responds  to  macnetic 
concentration.  Color:   Iron-black,  Hardness:   5»5-6,5»  Specific  f^avity: 
5,17-5.10,  Property:  Kagnetic,  Occurrence:   Often  as  veins  and  stringers 
in  i£pieous  rocks;  frequently  disseminated  in  rock  to  form  a  larger  ore  body 
or  low  grade,  often  as  replacement  in  sedimentary  or  metamorphosed  rocks; 
as  black  sand  in  beach  deposits;  and  as  banded  layers  in  metamorphosed  and 
igneous  rocks. 

Brown  Ore:  Hydrous  ferrosoferric  oxides  of  iron  (FeO.  FepO.,,  XHpO); 
i:x)n  content  57  to  66  percent;  complex  mineralogy;  important  ore  consisting 
c5  a  group  of  minerals  in  vajrious  degrees  of  hydration  as  v/ell  as  crystal 
structure;  usually  carries  substantial  quantity  of  free  moisture;  includes 
lojnonite,  turgite,  goethite,  lepidocrite,  hydrogoethite,  xanthosiderite, 
lijnnite,  and  esmaraldaito, 

Siderite:  Ferrous  carbonate  of  iron  (FeCO,);  iron  content  48.5  percent; 
constituent  of  other  iron  ores  but  not  important  in  the  United  States, 
Cc'lor:  Gray  to  brovm,  yellovf  and  red  stains  resulting  from  oxidation  and 
and.  hj'-dration.  Hardness:   3.5-4.  Specific  gravity:   5.8-5.9.   Occurrence: 
Vridely  distributed  in  small  quajitities  in  shale,  carbonate  sediments,  and 
altered  igneous  rocks,  Ilinable  deposits  are  rare,  Hichipicoten  sinter 
is  made  from  manganiferous  siderite  in  Ontario, 

Fayalite:   Silicate  of  iron  (FeSiO.);  iron  content,  51.9  percent; 
arsociated  vdth  other  iron  minerals;  is  'not  considered  an  ore  mineral 
because  it  is  not  reduced  in  ordinary  smelting  operations, 

Ifertite:  Sesquioxide  of  iron  (Fe„0^);  properties  similar  to  hematite. 
Occurs  with  magnetite,  probably  alteration  product  pseudomorphic  after 
magnetite  or  pyrite, 

Pyrite:  Sulfide  of  iron  (FeSp);  iron  content  46,6  percent;  contaminant 
o""".  iron  ores;  source  of  byproduct  ore  as  residue  after  burning  in  the 
manufacture  of  sulfuric  acid.  Color:  Pale  metallic  yellow.  Hardness: 
6-6,5,  Specific  gravity:   4.95-5.1.   Occurrence:  Common  mineral  of  wide 
di  stribution, 

Harcasite:  Vfliite  iron  pyrite  (PeSp);  differs  from  pyrite  in  color, 
staructural  appearance,  and  crystal  form. 

Other  Minerals 

Impurities  frequently  make  a  material  unusable  despite  high  iron  content. 
An;  outline  of  the  nature  and  basic  effect  of  several  major  impurities 
normally  encountered  in  iron  ore  may  be  helpful. 

Silica  acts  as  an  acid  in  a  blast  furnace  and  must  be  fluxed  with  a 
base,  such  as  lime  or  maignesia,  to  form  a  suitable  slag  that  can  be  separated 
from  the  molten  iron  in  the  furnace.  For  each  pound  of  silica  entering 
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the  fumaco,  about  2  poimdy  of  lii.ioctone  is  I'cquircd  for  fluxin;-,'  purposes, 
Althouf^h  some  slar,   is  nocossary  for  proper  operation  of  a  blast  furnace, 
excessive  quantities  of  silica  not  only  lower  the  frrade  of  the  iron  ore 
itself,  but  the  necessary  addition  of  limestone  further  reduces  the  effective 
grade  of  the  furnace  feed.  An  important  additional  factor  in  this  connection 
is  that  the  coke  requirement  is  increased  when  low-grade  ores  are  used. 

Alumina  (AlpO^)  rcnorally  acts  as  an  acid  in  the  blast  furnace  and 
thus  can  appreciably  affect  furnace  operation  costs  and  production,  Hov/ever, 
some  alumina  in  the  slag  improves  operation  of  the  furnace. 

Lime  (CaO)  usually  is  considered  a  desirable  impurity  in  iron  ores, 
provided  it  does  not  exceed  the  silica  plus  alumina  content  of  the  ore. 
Some  value  in  furnace  operation  is  probably  {^ined  when  lime  is  intimately 
accnixed  with  iron  minerals,  as  in  the  Birmingham,  Alabama,  district. 

Magnesia  (JIgO)  in  the  blast  furnace  acts  in  the  same  m.anner  as  lime, 
except  that  high-I-lgO  slags  have  favorable  low  melting  points. 

Sulfur  is  a  highly  objectionable  impurity  in  iron  ore  because  it  is 
rci^iected  in  the  blast  furnace  only  \iith   difficulty  and  at  appreciably  added 
expense.  Furnace  operators  usually  will  not  accept  ores  containing  over 
0,1  percent  of  sulfur. 

Phosphorus,  depending  on  the  ultimate  use  of  iron  from  the  ore,  may 
be ;either  desirable  or  objectionable,  V/hen  the  pig  iron  is  to  be  used  to 
r;a--'.e  steel,  phosphoms  in  the  ore  preferably  should  be  less  than  0.1  percent. 
Conversely,  pig  ii'on  produced  from  ores  containing  up  to  2  percent  or  more 
of  ■  pho sphor-j s  is  utilized  in  limited  quantities  in  manufacturing  complicated 
Cc-Stings  where  high  fluidity  is  needed  ajid  great  strength  unnecessary, 

Manganese  is  desirable  in  most  iron  ore,  as  it  imparts  added  strength 
tcithe  iron  and  facilitates  steelmaking  operations  by  assisting  in  sulfur 
control. 

Titanium  has  an  acid  reaction  in  the  blast  furnace  and  must  be  fluxed 
ar.with  other  acid  materials.  An  additional  objection  is  the  fact  that 
titanium  sometimes  forms  accretions  in  the  furnace  that  are  not  melted 
at  .ordinary'  furnace  temperatures.  These  tend  to  foul  the  furnace.  Unless 
the  titanium  content  of  the  ore  is  high  enough  to  warrant  byproduct  recovery 
of-,  titanixzn  from  the  slag,  titanium-bearing  iron  ores  containing  more  than 
a  few  tenths  percent  of  titanium,  are  objectionable, 

C,  Uses,  Consionption,  and  Stocks 

Furnaces  malcing  iron  and  steel  products  consume  over  99  percent  of  all 
iron  ore  produced,  Iliscellaneous  uses  include  cement,  pigments,  ship 
ballast,  pharr.aceuticals,  fertilizer,  stock  food  (enrich:nent),  heavy- 
medium,  nonferrous  flux,  and  electronic  applications. 

Blast-furnace  operators,  as  the  largest  users  of  iron  ore,  have  general 
specifications  modified  by  individual  requirements,  traditional  practice, 
and  availability  of  ore.  The  last  factor  is  perhaps  most  influential, 
inasmuch  as  iron  can  be  smelted  from  very  low  grade  materials.  However, 
operators  strive  for  efficient  practice  in  order  that  the  iron  prodiiced 
can  be  sold  at  competitive  prices.  Coke  is  the  most  expensive  material 
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consumed,  and  Ji  follows  tliat  tl>c  use  of  hicai-iron-contcnt  ores  require 
Iocs  coke  than  ores  with  a  creator  perccntaco  of  canjuc  that  muct  be 
Glacr:pd. 

The  avorare  iron  content  of  hlast-fumaco  ores  consumed  in  the  United 
States  is  50  to  51  percent.  Furnaces  uzinr,   ore  from  tlio  Lake  Superior 
district  exclusively  are  still  able  to  depend  on  consistent  analyses  that 
permit  OT>eration  based  on  lonfT-ostablishcd  practice.  Furnaces  usanfy  ore 
from  Utah,  V/yominc,  and  rlacle  Kountain,  Calif., are  adjusted  to  slich.ly 
richer  ores,  and  furnaces  in  Alabama  have  been  accustomed  to  much  lower 
pradc  ores,  the  use  of  which  has  been  possible  primarily  because  of  savings 
in  transportation  costs.  The  lower  limit  of  iron  content  in  an  ore  for 
bldst-fumace  use  is  almost  entirely  a  matter  of  economics.  However,  the 
reverse  is  not  true.  Verj'  hi£rh-iron-content  ores  are  usually  diluted  by 
blf^ndinff  with  other  ores,  not  only  to  enrich  the  poorer  materials  out 
because  blast-furnace  charges  must  contain  enough  gangue  to  form  a  suitable 
slafe.  The  best  materials  contain  impurities  that  it  is  the  slag's  function 
to  absorb.  Moreover,  slag  character,  checked  by  sampling  runoffs  between 
tarit^ing  periods  and  controlled  by  added  flu:ces  plus  furnace  temperature 
variations,  is  the  most  iraoortant  guide  to  the  quality  of  metal  being 
p-ncduced.  T?last-furnace  ores  rarely  average  above  55  percent  iron  content 
for.  any  particular  furnace,  although  ores  up  to  70  percent  may  be  blended 
to  -make  the  average  charge. 

Phvsical  character  of  blast-furnace  ore  is  important,  inasmuch  as 
the  reducing  gases  react  best  when  the  greatest  ore-surface  area  is  availaole 
fo^  contact.  Large,  non-TDorous  luir.p  ores  react  slowly,  aJid  ime  earthy 
ores  tend  to  clog  the  furnace  as  well  as  drift  out  of  the  furnace  witn 
the  toT3  ^ases.  Ideal  ore  would  be  of  uniform  size  and  perhaps  -,-_incn  m 
g^ertest^dia-meter.  Actually  the  furnace  operator  must  use  the  sizes  avail- 
able with  sucli  treatment  (crushing,  screening,  sintering,  blendingj  as  can_ 
be  performed  economically  to  improve  the  efficiency  of  the  smelting  operation. 
At  -^resent,  the  available  ores  carry  too  large  a  proportion  of  fines,  ana 
mos-.  furnaces  employ  collectors  of  one  type  or  another  to  recover  that  paxt 
bloTv-n  out  of  the' furnace.   In  1952  recovered  flue  dust  m  the  Unitea  S^a.es 
totaled  about  9  million  net  tons. 

Of  the  gangue  constituents  in  the  ore,  silica,  alumina,  lime,  and 
magnesia  are  imtDortant  in  slagmaking.  In  the  United  States  an  excess  of 
the  -first  2  in  the  ore  necessitates  adding  the  last  2  to  provide  a  suitable 
chonical  balance.  Naturally  balanced  ores  are  self-fluxing,  and  m  England, 
silica  and  alumina  must  be  added  as  flux.  Other  elements  or  mineral  con- 
stituents (exceT)t  water)  are  usually  considered  according  to  whether  they 
enter  metal  or  slag.  Furnace  temperature  and  slag  character  influence  the 
dis-DOsition  of  these  mterials  between  metal  and  slag  to  a  degree,  but 
except  for  manganese  and  in  specific  instances  phosphorus  all  are  undesirable 
in  blast-furnace  ores.  Water,  or  course,  increases  colce  consumption  as 
well  as  transportation  costs.  Siderite,  (iron  carbonate),  as  a  olast- 
fumace  ore,  requires  extra  coke  to  drive  off  combined  carbon  dioxide,  and 
if  used  in  too  large  proportions,  the  powderj'  residue  would  complicate 
furnace  operation  in  a  number  of  v/ays. 
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By  blondinc  various  ores  blast  furnaces  can  use  a  vario);.y  of  analyses, 
one  ore  diluting;  the  undesirable  constituents  of  another,   ilov/cver,  it 
follows  that  the  usability  of  a  particular  ore  may  be  contingent  upon 
the  availability  of  other  ores  suitable  for  blondinf;.  An  ore  usable 
without  blendinc  could  fall  within  the  followinc  specifications  for  blast- 
furnace use: 

Size:      All  passing  , 2-inch  screen 

70  percent  pacsinfj 1-inch  screen 

Not  more  tl^an  20/3  passing  .  .  .  I/8  inch  screen 
Analysis:  Fo 50-55/0  (natural) 

rin 0,0-1.5 

Si02  plus  AlpO, 10  rnajc, 

CaO  plus  IigO  ; (usually  low) 

P 0,10  max. 

S 0.10  ma:}c. 

Cu,  Pb,  Zn,  As,  V,  Or,  Ki  .  .  ,  0.05  (combined) 

Ti02 1,0  na:v', 

HpO 10  moa. 

Basic  open-hearth  steel  furnaces  use  pi£r  iron  and  scrap  as  the  primary 
scarces  of  metal  and  iron  ore  as  a  vehicle  for  oyrj-en,   v.'hich  trnjisfers  to 
su.ch  impurities  as  carbon,  silicon,  manganese,  sulfuj:,  and  phosphorus, 
0::idation  of  excess  carbon  generates  carbon  dioxide  and  causes  the  bath  to 
boll  turbulently.  During  this  turbulence  and  subsequent  phases  of  the 
refining  process,  the  impurities  are  reduced  to  the  desired  level  by  passing 
off  as  gas  or  as  liquids  absorbed  in  the  slag. 

The  ore  used  for  this  purpose  must  be  hard  lumps  dense  enough  to  sinlc 
through  the  slag.  Density  is  increased  by  higli  iron  content,  but  also,  hi^- 
grade  m.aterials  introduce  less  nev;  impurities  while  providing  the  most 
available  oxygen  per  unit  of  volume.  High  silica  in  basic  open-hearth  ores 
is  particularly  \mdesirable  because  additional  limestone  must  be  provided 
tc- prevent  the  slag  from  corroding  the  furnace  lining.  Distinct  economies 
aBd  improved  operation  have  been  proved  by  the  use  of  such  near-perfect  iron 
ores  as  those  from  Liberia  and  Brazil.  Swedish  lump  magnetite  and  domestic 
lump  magnetite  also  are  desirable  for  open-hearth  use.  Steep  Rock  and  Lake 
Superior  limp  hematite  is  in  good  demand,  but  other  domestic  ores  are  used 
only  because  those  named  are  not  available  without  excessive  transportation 
costs. 

Relatively  small  quantities  of  iron  ore  are  used  in  low-temperature 
methods  of  rediiction  for  mading  sponge  iron  which  is  processed  to  iron 
pov;ders.  The  ore  is  reduced  by  several  methods,  including  exothermic 
reaction  with  aliminum  powder,  gaseous  reduction,  electrolysis,  and  in  tunnel 
kilns  where  ore  and  coke  breeze  are  mixed  with  small  quantities  of  flux  in 
saggers.  Ore  for  this  use  must  be  finely  divided  and,  because  there  is  no 
liquid  slag  to  absorb  impurities,  of  excellent  quality.  Tv/ice-processed 
magnetite  concentrates  and  Brazilian  fines  arc  especially  suitable  for  this 
use.  Sponge  iron  of  less  exacting  quality  than  is  required  for  iron  pov/ders 
is  made  by  the  Anaconda  Copper  Co.  in  Montana  for  use  in  precipitating 
copper  from  acid  solutions.  This  use  has  some  possibilities  for  modest 
exTiansion  where  scrap  iron  and  steel  (usually  tin  cans)  are  too  expensive 
or  not  available  in  sufficient  quantity. 


95 

Iron  ore  carrying  40  to  40  percent  iron  with  20  to  50  percent  silica 
and  virtually  no  other  conctiLucnts  except  water  and  oxyfcon  is  used  to 
make  silvery  pif;  iron,  a  low-silicon  alloyinr;  metal.  Combinations  of  iron 
ore  and  quartzite  arc  smelted  to/^cthcr  in  electric  furnaces  to  make  ferro- 
silicon  of  -vn-vyinr:  ratios  of  iron  to  silicon.  Occasionally,  ferromancanosc 
manufacturers  use  iron  ore  to  adjust  the  product  to  standard  specifications, 
and  a  lonc^standin/^  use  for  ore  of  varying  quality  is  in  nonferrous  smelters 
as  a  "basic  flux, 

5.   Scran  For  Stcelrakinp; 

Scrap  consists  of  the  by-products  of  steel  fabrication,  and  v/orn  out, 
broken  or  discarded  items  containinrr  iron  or  steel.  Scrap  in  the  form 
of  iron  or  steel  is  one  of  the  tv/o  principal  sources  of  metallics  in  steel- 
making;  the  other  principal  source  is  iron  from  the  blast  furnaces,  either 
molten  as  it  comes  from  the  blast  furnace  ("hot  metal")  or  in  solid  pig 
form.  Scrap  is  of  great  practical  value.  Every  ton  of  scrap  consumed  in 
ste.elraaking  is  estim.ated  to  displace  and  conserve  for  fut\ire  use  J-^  to  4 
tons  of  other  natural  resources  including  iron  ore,  coal  and  limestone. 
Or  ithe  average,  the  steel  industry  consumes  about  one-fifth  more  pig  iron 
thaii  scrap.  According  to  recently  published  figures  of  the  American  Iron 
and;  Steel  Institute,  the  steel  industry  consumes  an  average  of  about  55 
million  tons  of  iron  and  steel  scrap  in  producing  100  million  net  tons  of 
raw;  steel. 

The  various  steelmaking  processes  differ  widely  in  their  abilities 
to  consume  scrap.  The  air-blo^m  acid  Bessemer  process  (no  longer  used 
in  the  United  States)  used  about  6  percent;  the  basic  oxygen  steelmaJcing 
process  uses  25  to  JO  percent;  and  the  Kaldo  process  about  40  percent. 
The  duplex  open-hearth  process  (not  any  longer  used  in  this  countrj^  con- 
sur.ed  very  little  scrap;  while  the  stationary  open-hearth  processes  may 
utilize  55  to  60  percent.  The  electric  furnace  usually  is  charged  almost 
entirely  with  cold  scrap, 

'Types  and  Sources  of  Scrap — Scrap  iron  and  steel  m.ay  be  classified 
as  originating  from  two  sources:  hone  scrap  produced  as  unsalable  products 
unavoidably  resulting  from  steelmalcing  and  finishing  operations,  and  pur- 
chased scrap. 

Home  scrap  (also  called  "revert  scrap")  includes  such  items  as  pit 
scrap;  ingots  too  short  to  roll;  rejected  ingots;  ingot  crops;  crop  ends 
froTn  blooms  and  billets;  shear  cuttings  from  trimming  flat-rolled  products 
to  specified  size;  products  irrecoverably  damaged  in  handling  or  finishing; 
ends  cut  from  structural  shapes,  rails,  bars,  pipe  or  tubing  to  bring  them 
to  standard  or  exact  ordered  length;  turnings  from  machining  operations, 
broken  molds,  obsolete  machinery,  dismantled  buildings,  steel  shot  recovered 
from  slag,  and  so  on,  Bloom  crops  constitute  tlie  largest  single  item  of 
home  scrap. 

In  general,  about  55  miillion  net  tons  of  home  scrap  would  result  from 
the  manufacture  of  100  m.illion  net  tons  of  raw  steel  and  the  processing 
of  this  stool  into  finisliod  mill  products. 


Source :   The  Kakinr,  Shaning,  and  Treating  of  Steel, 
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Purchar.ed  f5cran  in  ur.od  to  the  extent  of  PO  million  net  tone  to  nmiplc— 
ment  the  5b  million  not  tonn  of  liorne  ncrap  to  provide  l;ho  55  million  net 
tone  of  iron  and  steel  scrap  unod  to  produce  the  100  million  net  tons  of 
steel.  Rirchased  scrap  is  divided  into  two  general  classifications: 
(l)  dojTiant  scrap  and  (2)  prompt  industrial  scrap. 

Dormant  scrap  comprises  obsolete,  v/orn  o\it  or  broken  products  of 
consumin,'j  industries.  Typical  examples  of  dormant  scrap  are:  discarded 
steel  furniture,  washing  machines,  stoves  and  other  outdated  consumer  goods; 
beams,  angles,  channels,  cinders,  railings,  grilles,  pipe,  etc.,  arising 
from  the  demolition  of  buildings;  useless  farm  machinery;  obsolete,  broken 
or  damaged  industrial  machinery;  old  ships;  railroad  rails  and  rolling 
Sisock  that  have  outlived  their  usefulness;  wrecked  automobiles,  and  so  on. 
This  type  of  scrap,  because  of  its  miscellaneous  nature,  requires  careful 
sc-rting  and  classification  to  prevent  the  contamination  of  steel  in  the 
furnace  with  unv/anted  chem.ical  elements  from  alloys  that  may  be  present 
in  some  of  the  scrap.   It  should  also  be  of  such  physical  size  as  to  facili- 
tate handling  and  loading  into  charging  boxes.  The  need  for  proper  classi- 
fication and  preparation  of  dormant  scrap  is  emphasized  by  the  existence 
ci'  over  70  different  specifications  covering  various  grades  of  scrap  for 
vss   in  blast  furnaces,  acid  and  basic  open-hearth  furnaces,  electric  furnaces, 
the  basic  oxygen  steelmaking  process,  gray-iron  foundries  and  elsev;here, 
Iri  addition,  the  Association  of  American  Railroads  has  forty-five  specifications 
applying  to  scrap  of  railroad  origin.  These  all  have  been  prepared  to 
facilitate  proper  classification  of  scrap  for  different  uses. 

Prompt  industrial  scrap  is  generated  by  steel  consumers  in  making  their 
products.   It  nay  consist  of  the  imwanted  portions  of  plate  or  sheet  that 
has  been  cut  or  sheared  to  the  desired  final  size  and  shape,  trimnings 
resulting  from  stamping  and  pressing  operations,  machine  turnings,  rejected 
products  scrapped  during  manufacture,  short  ends,  flash  from  forgings,  and 
o^her  types   of  scrap. 


